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INTRODUCTION 

The  diagnosis  and  treatment  of  cancer  is  an  important  healthcare  issue.  This  project  is  concerned 
with  the  development  and  monitoring  of  fluorine  labeled  photosensitizer  (PS)  for  the  treatment 
of  breast  cancer  by  a  relatively  new  and  evolving  cancer  treatment  modality.  The 
photosensitizers  are  new  and  hence  can  not  be  administered  to  humans  directly.  This 
necessitates  the  use  of  a  suitable  tumor  model.  Using  a  mouse  foot  tumor  model,  the  labeled 
photosensitizer  has  been  monitored  over  time  in  single  subjects.  The  information  obtained  from 
in  vivo  MR  studies  on  the  rate  of  rate  of  absorption,  the  time  of  peak  concentration,  and  the  rate 
of  elimination  were  used  to  choose  the  time  to  irradiate  the  tumor  with  laser  light  at  appropriate 
wavelength.  The  response  to  PDT  was  measured  by  ^*P  MR  spectroscopy.  These  studies  will 
provide  information  of  significant  value  to  breast  cancer  research  and  treatment  via 
photodynamic  therapy. 

Body  (Research  accomplishments  and  details  of  the  work) 

Task-1 

As  a  significant  part  of  the  study  we  have  been  able  to  obtain  sufficient  amount  of  fluorinated 
photosensitizer  with  12  equivalent  fluorine  atoms  in  the  porphyrin  photosensitizer.  This 
sensitizer  has  an  absorption  peak  at  626nm  and  is  effective  at  10  micromole  concentration  in  the 
animal  model. 

Task -2 

PDT  studies  were  done  on  both  the  fluorine  labeled  and  nonlabeled  compounds.  Our  studies 
have  shown  that  PDTperformed  with  this  drug  administered  IP  at  10  pM/kg  lead  to  tumor 
regression.  Representative  ^^P  MR  studies  were  performed  on  tumors  both  before  and  after  the 
initiation  of  PDT.  The  effect  of  PDT  on  tumor  volumes  with  each  of  the  three  photosensitizers 
(fluorine  labeled,  non  labeled  and  photofrin)  is  shown  in  Figure  2(see  page  6).  The  growth 
pattern  of  unperturbed  tumors  is  also  shown  for  comparative  purpose  in  this  figure. 

Task-3 

A  second  photosensitizer  which  we  refer  to  as  DoD-6  (with  6  equivalent  fluorines)  has  been 
developed  (with  Co-I,  Dr.  Ravindra  Pandey,  Roswell  Park  Cancer  Institute).  A  brief  description 
of  the  synthesis  of  this  compound  is  provided  later  (see  page  8). 

Details  of  research  work 

The  RIF  tumors  used  in  the  study  were  produced  following  the  protocol  of  Twentyman  et  al  (1). 
We  studied  57  mice  tumors  during  the  past  year.  The  growth  of  tumors  before  PDT  and 
regression  following  PDT  were  monitored  by  making  tumor  volume  measurements  4  to  5  times  a 
week.  The  volumes  were  measured  by  measuring  the  three  diameters  and  the  volume  computed 
using  the  ellipsoid  approximation.  The  studies  were  performed  on  the  fluorine  labeled 
photosensitizer,  the  non  labeled  analog  and  the  FDA  approved  photofrin.  The  drug  was 
administered  at  a  dose  of  lOpM/kg.  A  detailed  presentation  of  the  synthesis  along  with  mass 
spectroscopic  and  high  resolution  MR  data  was  presented  at  the  ERA  of  Hope  meeting  at  Florida 
(2002  August).  A  copy  of  the  abstract  is  attached  in  the  appendix.  The  doubling  times  of  tumor 
growth  before  PDT  were  found  to  be  125  mm^  (n=9).  A  complete  analysis  of  several  tumor 
doubling  times  before  and  after  therapy  are  documented  in  Table  1  (see  Appendix).  The  tumor 
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regression  with  one  PDT  treatment  with  a  single  or  fractioned  dose  was  observed  for  a  few  days 
post  therapy.  No  complete  tumor  regression  was  seen  in  a  single  treatment  alone  (Table  2,  in 
Appendix).  Tumor  regression  with  DoD-2  was  as  large  as  30-40%  and  tumor  regrowth  started 
after  a  few  days  of  regression. 

In  order  to  obtain  optimum  time  for  laser  irradiation  and  to  quantitate  the  photosensitizer  in  the 
tumor  noninvasively,  we  used  spectroscopic  technique  to  follow  the  labeled  photosensitizer. 
As  a  first  approximation  we  assume  that  the  rate  of  absorption,  retention  and  elimination  are 
independent  on  the  drug  dose.  At  present  we  are  able  to  perform  these  ^^F  MR  studies  at  a  drug 
dose  of  100  (iM/kg.  A  home  built  surface  coil  was  used  to  perform  these  studies  on  the  7Tesla 
animal  imager.  A  knowledge  of  the  relaxation  times  Ti  and  T2  are  necessary  for  optimization  of 
the  spectral  data.  The  mean  values  of  relaxation  times  in  the  solution  were  924±38  ms  for  Ti 
and  1 50±2  ms  for  T2  and  were  used  to  optimize  of  tumor  spectra.  By  comparing  the  intensities 
from  the  tumor  volume  with  a  phantom  containing  a  knovm  concentration  of  PS,  the  amount  of 
PS  in  the  tumor  could  be  calculated.  The  entire  Pharmacokinetic  profile  of  PS  in  tumor  model 
was  constructed  using  three  tumors  (Figure  1).  Based  on  this  profile  PDT  was  performed  at  time 
points  2hr,  4hr  and  24  hrs  post  drug  administration.  The  various  parameters  used  in  PDT  studies 
are  listed  in  Table  3. 


Figure  1 :  Pharmacokinetic  profile  for  DoD2  in  REF  tumor  model.  The  black  line  connects  the 
experimental  points  while  the  red  line  is  the  fit  to  the  data. 

The  results  show  that  this  photosensitizer  has  fast  elimination  constant.  The  drug  is  eliminated 
completely  in  about  16  hours.  The  peak  value  was  reached  around  2  hrs.  The  absorption, 
distribution  and  elimination  were  obtained  using  equation 

C^Ae'”*  +De‘‘'*  +£0^ 
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Where  a  ,P  and  y  are  the  three  rate  constants  for  absorption,  distribution  and  elimination 
phases.  The  analysis  was  done  using  the  PK  solutions  software  (7). 


Figure  2 


TIME  (HRS) 


•  Non  labeled 

•  Fluorine  labeled 
®  Photofrin 

•  Untreated 


Using  this  information  from  in  vivo  MR  studies,  several  mice  tumors  were  studied  for  PDT 
effects  using  the  fluorine  labeled  and  nonlabeled  analog.  A  typical  growth  plot  of  unperturbed 
tumor  and  a  representative  graph  indicating  the  PDT  effects  on  the  tumor  volumes  upon  using 
DoD-1,  DoD-2  and  photofi'in  are  shown  in  Figure  1.  Under  similar  doses  of  photofrin  and  DoD- 
2  tumors  showed  regression  pattern  similar  to  DoD-2.  The  data  shown  in  Figure  1  clearly 
demonstrates  this  (see  the  data  shown  in  green  and  sea  blue  colors  for  photofiin  and  DoD-2). 
DoD-1  did  not  exhibit  any  tumor  regression  in  the  studies  performed  so  far  (data  in  red).  Thus, 
under  the  assumption  that  the  pharmacokinetics  for  the  labeled  compound  is  similar  to  that  of  the 
labeled  compound,  it  appears  that  the  PDT  efficacy  for  the  non  labeled  compound  is  very  small 
or  negligible.  This  certainly  demonstrates  that  the  properties  of  fluorine  labeled  photosensitizer 
has  significantly  different  efficacy  in  this  case. 


The  laser  energies  used  in  the  study  were  optimized  at  lOpM/kg  dose  of  the  PS.  The  laser 
power  was  at  75  or  150  mw/cm^  at  the  surface  of  the  tumor  and  the  irradiation  time  was  30 
minutes.  In  some  cases,  at  the  higher  power  of  150  mW/cm^,  laser  irradiation  was  performed  for 
two  30  minutes  duration  separated  by  a  time  interval  of  2  hours.  The  results  are  summarized  in 
Table  l(see  appendix).  It  may  be  noted  that  tumor  regression  was  more  pronounced  with  the 
administration  of  fractionated  doses  of  laser. 

Our  results  so  far  show  that  both  DoD-2  and  photofi'in  show  very  similar  response  (see  Figure  1). 
However  the  non  labeled  PS  did  not  show  any  tumor  regression  at  any  of  the  above  mentioned 
laser  powers. 

MR  studies 
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Phosphoras  -31  MR  studies  were  performed  using  a  home  built  coil  (diameter  1.5  cm) 
operating  at  121.6  MHz. 

The  3  IP  MR  spectra  were  recorded  for  treated  untreated  tumor  and  were  used  as  reference 
spectra.  For  each  tumor  that  was  subject  to  PDT  using  one  of  the  photosensitizers,  a  control  ^^P 
spectrum  was  recorded  followed  by  ^^P  spectra  after  PDT.  Our  results  show  that  the  ^^P 
spectra  recorded  post  PDT  using  either  DoD-1  or  DoD-2  do  not  show  any  measurable  changes  in 
the  first  few  hours.  Photofrin,  on  the  other  hand  has  shown  measurable  decreases  in  ATP  peaks 
and  a  concomitant  increase  in  Pi  (inorganic  phosphate  peaks)  (2-6).  The  spectral  analyses  were 
done  using  the  JMRUI  software  and  a  typical  spectral  deconvolution  is  shown  below. 


Figure  3:  Typical  fit  to  a  tumor  ^^P  spectrum  performed  using  the  MRUI  program.  The  peak 
assignments  are;  1.  PME,  2.  Pi,  3.  yATP,  4.  a  ATP  5.  PATP  and  6.  A  hump  arising  mostly  from 
immobile  phosphorus  such  as  bone. 

Although  both  DoD-1  and  DoD-2  did  not  show  any  changes  in  ^*P  spectra,  tumor  administered 
with  DoD-2  showed  tumor  regression.  Further  analysis  and  its  relevance  to  functioning  of 
photosensitizers  are  under  way  by  our  team.  We  also  plan  to  extend  our  studies  to  beyond  4-6 
hours.  These  results  can  provide  more  information  about  the  function  of  the  photosensitizer  and 
aid  in  the  construction  of  more  potent  and  efficient  photosensitizer. 

As  suggested  in  our  original  statement  of  work  we  have  now  developed  a  second  photosensitizer. 
The  synthesis  was  done  by  Dr  Ravi  Pandey  and  co-workers  at  Roswell  park  cancer  Institute. 


Preparation  of  Fluorinated  Chlorin 

Methyl  pheophorbide-a  1  was  converted  into  chlorin  ee  trimethyl  ester  2  by  following  the 
literature  procedure  and  was  isolated  in  >75%  yield.  The  intermediate  unstable  bromoderivative 
obtained  by  reacting  2  with  30%  HBr/acetic  acid  was  dried  under  vacuum  and  immediately 
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reacted  with  3,5-bis-(trifluoromethyl)ben2yl  alcohol.  The  resulting  product  obtained  after  the 
standard  work-up  was  purified  by  Alumina  (Gr  III)  column  chromatography,  eluting  with 
dichloromethane.  The  appropriate  fractions  were  combined.  Evaporation  of  the  solvent  gave  3  in 
72%  yield.  The  methyl  ester  functionalites  were  then  hydrolyzed  with  aqueous  sodium 
hydroxide/THF/methanol  and  the  reaction  was  monitored  by  HPLC  analysis.  After  the 
completion  of  the  reaction  the  solvents  were  evaporated  under  high  vacuum.  The  reaction 
product  was  redissolved  in  phosphate  buffer  and  the  pH  of  the  solution  was  adjusted  to  7.4. 

The  structures  of  the  intermediates  (see  figure  4)  and  the  final  product  were  confirmed  by  NMR 
and  mass  spectrometry  analyses. 


Scheme  1 

Figure  4 

MR  studies  of  DOD6  (newly  synthesized  2"**  photosensitizer) 

This  photosensitizer  has  a  strong  absorption  maximum  at  650  nm.  Because  of  the  higher 
wavelength  we  can  expect  better  penetration  in  the  tissue.  We  have  performed  relaxivity 
measurements  using  the  in  vivo  MR  imager  at  7T.  The  Ti  measurements  were  performed  using 
the  saturation  recovery  method  and  the  T2  measurements  were  done  using  the  Hahn  spin  echo 
technique.  The  mean  Ti  and  T2  values  are  -250  and  -  25  ms  respectively. 

We  are  now  in  the  process  of  observing  this  in  the  tumor  and  the  tissue.  These  studies  are  just 
underway  in  our  laboratory. 
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The  preliminary  PDT  studies  have  been  performed  using  laser  power  of  150  mW/cm^  and 
photsenitizer  dose  of  10  mg/kg.  Interestingly  the  tumor  regression  was  observed  approximately 
two  days  after  the  initiation  of  the  therapy. 

In  our  laboratory  here  at  Nebraska,  we  have  tested  the  efficacy  of  this  compound  in  the  mouse 
tumor  model.  An  example  of  this  is  shown  below  where  the  tumor  volume  is  plotted  against 
time. 


Figure  5:  The  growth  pattern  of  RIF  tumor  before  and  after  the  PDT.  The  red  arrow 
indicates  the  time  of  laser  irradiation. 


Key  Research  Accomplishments 

•  Using  MR  spectroscopic  method,  the  entire  pharmacokinetic  profile  of  the  compound 
was  generated  (A  copy  of  the  abstract  is  enclosed  in  the  Appendix). 

•  MR  spectra  of  tumors  were  studied  before  and  after  the  initiation  of  PDT. 

•  PDT  studies  were  performed  using  laser  light  at  630  nm,  270  joules/cm  energy.  The 
time  point  was  chosen  to  represent  maximum  concentration  of  the  photosensitizer  as 
obtained  from  the  pharmacokinetic  data  obtained  in  our  study. 

•  The  photosensitizer  DoD2  showed  tumor  regression  while  the  nonlabeled  (DoDl)  did  not 
show  any  tumor  regression.  The  incorporation  of  fluorine  in  the  PS  appears  to  have  a 
positive  effect  on  the  function  of  the  photosensitizer 
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Reportable  Outcomes 


1 .  Abstract  of  the  presentation  made  at  the  ERA  of  HOPE  meeting  held  at  Orlando,  Florida 
during  September  25-28,  2002. 

2.  Abstract  of  the  Talk  to  be  presented  at  the  ESMRMB  meeting  to  be  held  at  Rotterdam, 
Netherlands,  during  September  18-21, 2003. 

3.  Copy  of  the  Abstract  submitted  for  consideration  to  the  SPIE  international  symposium  to 
be  held  in  San  Diego,  Feb 14- 19, 2004. 

4.  A  revised  copy  of  the  scientific  paper  related  to  synthesis,  mass  spectroscopic  and  in  vivo 
^^F  MR  studies — submitted  to  Tetrahedron 

Funding  applied  for  during  the  past  two  years  in  this  or  related  area 

1 .  DOD  undergraduate  research  grant-  submitted  in  year  2002.  The  proposal  was  not 
funded.  A  resubmission  was  not  done  as  this  category  of  research  is  not  open  for 
consideration  in  the  year  2003  by  DoD. 

2.  A  grant  application  to  Nebraska  state  was  made  in  the  early  2003  but  was  not  funded.  A 
resubmission  in  early  2004  will  be  done. 

Conclusions: 

Our  studies  demonstrate  the  fluorine  labeled  compound  can  be  noninvasively  monitored  in 
the  tumor  and  muscle  by  ^^F  magnetic  resonance  spectroscopy.  The  ^'P  spectroscopic  data 
on  tumors  show  that  even  though  the  ^^P  spectra  after  PDT  do  not  undergo  significant 
changes  the  tumor  shows  regression.  The  tumor  regression  and  the  underlying  mechanism  of 
PS  function  will  also  be  explored  in  the  coming  year. 

It  is  possible  to  produce  larger  amounts  of  the  labeled  compounds  for  further  detailed  studies 
on  the  distribution  in  the  animal  and  also  in  the  tumor.  The  ability  to  monitor  the  fluorine 
labeled  PS  in  the  animal  model  will  provide  useful  data  before  PDT  is  performed.  In  vivo 
MR  will  be  a  useful  method  in  the  development  of  new  photosensitizers 
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Appendix-A 

Copy  of  the  research  results  in  the  form  of  tables 
Relevant  to  reported  material 


12 


Table  1 

Tumor  doubling  times’^  for  various  PDT  treated  and  untreated  tumors. 


Cage  &  Mouse 

Drug  used 

Tumor  treatment 

Tumor  Doubling 
Time  (Hr) 

C5M1 

DODl 

PDT  treated 

173.3 

C5M2 

DODl 

PDT  treated 

115.5 

C5M3 

DODl 

PDT  treated 

115.5 

ClOMl 

DOD2 

PDT  treated 

173.3, 

693.1 

115.5, 

C10M3 

DOD2 

PDT  treated 

231.0 

693.1 

173.3 

C10M5 

DOD2 

PDT  treated 

231.0 

173.3 

C7M3 

None 

untreated 

77.0 

C7M4 

None 

untreated 

69.3 

C8M4 

None 

untreated 

115.5 

C8M1 

Photofiin 

PDT  treated 

173.3 

693.1 

C12M2 

Photofrin 

PDT  treated 

173 

231 

Note:  In  doubling  time  calculation  is  based  on  following  segs. 

ClOMl:  segl  (ascending,  March  24- April  17,  03),  seg3  (descending,  April  25-May  5, 

03). 

C10M3:  segl  (ascending,  March  24- April  17,  03),  seg2  (descending,  April  17-21,  03), 
seg3  (ascending,  April  23 -May  5,  03). 

C10M5:  segl  (ascending,  March  24-April  24,  03),  seg2(descending,  April  24-30,  03), 
seg3  (ascending,  April  30-May  19,  03). 

C8M1:  segl  (ascending,  Dec.  23,  02  -  Jan.  17,  03),  seg2(descending,  Jan.  20-29,  03),  no 
seg3. 

C12M2:  segl  (ascending.  May  23-June  19,  03),  doubling  time  is  173.3.  If  taking 
all  points  after  peak  (June  19- July  11,  03),  including  peak,  the  doubling  time  (DT) 
is  693. 1 .  After  taking  peak  point  and  five  points  following  it  (June  19- June  27, 
03),DTis  231. 


*  The  term  “doubling  times”  is  used  to  define  the  increase  or  decrease  in  tumor  volumes. 
The  values  corresponding  to  ascending  or  descending  phases  of  the  tumor  growth  refers 
to  increasing  or  decreasing  volumes  of  the  tumor. 


Table! 

Tumor  regression  after  PDT  with  DODl  and  DOD2  photosensitizers 


Cage& 
Mouse  # 

Drug  used 
and  Dose 

Laser  1 
Power 

Laser  2 
Power 

Remarks 

C5  Ml 

DODl 

0.35ml 

458.76 

135  Joules 

No  real  tumor 
regression  seen 

C5M2 

DODl 

0.33ml 

148.82 

135  Joules 

No  real  tumor 
regression  seen 

C5M3 

DODl 

0.33ml 

487.03 

135  Joules 

— 

No  real  tumor 
regression  seen 

C12M5 

DODl 

0.7ml 

131.78 

270  Joules 

No  real  tumor 
regression  seen 

C13M2 

DODl 

0.565ml 

65.54 

270  Joules 

270  Joules 

A  little  tumor 
regression  seen 

C13M4 

DODl 

0.649ml 

107.86 

270  Joules 

270  Joules 

No  real  tumor 
regression  seen 

C4M3 

DOD2 

0.43ml 

271.73 

135  Joules 

No  real  tumor 
regression  seen 

C4M4 

_ 1 

DOD2 

0.42ml 

245.2 

135  Joules 

No  real  tumor 
regression  seen 

CIO  Ml 

DOD2 

0.96ml 

179.22 

270  Joules 

A  very  slight  tumor 
regression  4  days 
after  irradiation 

CIO  M3 

DOD2 

lOuM 

391.18 

270  Joules 

Some  Tumor 
regression  on  days 

1-4  after  irradiation 

C01M4 

DOD2 

0.6ml 

150.37 

135  Joules 

No  real  tumor 
regression  seen 

C10M5 

DOD2 

0.92ml 

106.32 

270  Joules 

270  Joules 

Tumor  regression 
seen  for  8  days 
after  irradiation 

CllMl 

DOD2 

0.84ml 

83.18 

270  Joules 

A  slight  tumor 
regression  3  days 
after  irradiation 

C11M2 

DOD2 

0.81ml 

63.38 

270  Joules 

No  real  tumor 
regression  seen 

C11M3 

DOD2 

0.60ml 

70.78 

270  Joules 

270  Joules 

Regression  seen  the 
day  after  irradiation 

Table  3 

The  laser  power,  duration  of  irradiation  used  in  our  PDT  studies 


Univ.  # 

Mice# 

(Cage  #, 
ear  notch  #) 

P.S. 

Admin. 

Date  of 
irradiation 

Duration  Of 
irradiation 

Irradiation 
time  post  PS 
injections 

Power 

used 

Total  incident 
energy  (joules) 

18 

C4M3 

DOD2 
.43  ml 

10/10/02 

30  minutes 

24  hours 

75mW 

135 

19 

C4M4 

DOD2 
.42  ml 

10/10/02 

30  minutes 

24  hours 

75mW 

135 

21 

C5  Ml 

DOD  1 
.35  ml 

10/10/02 

30  minutes 

24  hours 

75mW 

135 

22 

C5M2 

DODl 
.33  ml 

10/10/02 

30  minutes 

1 

24  hours 

75mW 

135 

23 

C5M3 

DOD  1 
.33  ml 

10/10/02 

30  minutes 

24  hours 

75mW 

135 

26 

C6  Ml 

Photofrin 
.245  ml 

10/4/02 

10  minutes 

24  hours 

225-230 

mW 

135 

27 

C6M2 

Photofrin 
.235  ml 

10/4/02 

10  minutes 

24  hours 

225-230 

mW 

135 

28 

C6M3 

Photofrin 
.240  ml 

10/4/02 

10  minutes 

24  hours 

225-230 

mW 

135 

29 

C6M4 

Photofrin 
.265  ml 

10/4/02 

10  minutes 

24  hours 

225-230 

mW 

135 

30 

C6  M5 

Photofrin 
.260  ml 

10/4/02 

10  minutes 

24  hours 

225-230 

mW 

135 

36 

C8  Ml 

Photofrin 

25mg/kg 

1/15/03 

30  minutes 

24  hours 

75mW 

135 

41 

C9M1 

DoD2 

3mg 

3/20/03 

30  minutes 

24  hours 

150mW 

135 

44 

C9M4 

Photofrin 
.24  ml 

3/12/03 

30  minutes 

24  hours 

75  mW 

135 
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SYNTHESIS  AND  IN  VITRO  PHOTOSENSITIZING 
EFFICACY  OF  FLUORINATED  PORPHYRIN- 
BASED  PHOTOSENSITIZERS  FOR  IN  VIVO 
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In  vivo  MR  spectroscopy  has  been  used  increasingly  to  monitor  metabolism  and  disease 
states  in  humans.  Both  magnetic  resonance  imaging  and  spectroscopy  have  evolved  into 
sophisticated  diagnostic  techniques.  In  addition  to  the  proton,  nuclei  such  as  fluorine  can  be 
studied  by  in  vivo  spectroscopy  and  imaging.  Fluorine-19  NMR  is  a  technique  with 
significant  potential  because  of  the  relatively  high  sensitivity  and  low  endogenous 
background.  Fluorine- 19  MR  has  been  used  to  study  metabolism,  tumor  growth,  and  blood 
flow.  MR  of  fluorinated  compound  is  particularly  attractive  for  in  vivo  studies  of  human 
and  animal  models.  The  F-19  isotope  has  a  100%  natural  abundance,  a  spin  of  1/2,  and  an 
MR  sensitivity  that  is  83%  that  of  hydrogen. 

To  date,  most  of  the  fluorinated  porphyrin-based  analogs  synthesized  for  in-vivo  F-19  NMR 
studies  have  been  unsymmetrical,  and  thus  lead  to  signal  dispersion.  In  order  to  have  strong 
fluorine  signal  at  a  low  concentration  of  the  drug  in  tumor,  it  is  necessary  to  have 
photosensitizers  containing  multiple  fluorine  units.  It  would  be  advantageous  to  have  a 
center  of  symmetry  in  the  fluorinated  photosensitizer  that  will  render  the  fluorine  nuclei  to 
be  equivalent  and  provide  signal  addition  of  all  equivalent  nuclei.  We  have  succeeded  in 
synthesizing  porphyrins  containing  six  to  12  symmetrical  fluorines.  These  compounds  were 
prepared  in  multi-step  syntheses.  The  structures  were  confirmed  by  NMR,  mass 
spectrometry  and  elemental  analyses.  The  symmetry  of  the  fluorines  was  confirmed  by  F- 
19  NMR  studies.  Compared  to  the  non-fluorinated  analogs,  the  fluorinated  porphyrins 
showed  enhanced  singlet  oxygen  producing  efficiency. 

The  in-vitro  photosensitizing  efficacy  of  the  fluorinated  porphyrins  was  investigated  in  RIF 
tumors  at  various  doses  and  showed  promising  activity.  The  synthesis,  photophysical 
characteristics  and  in-vitro  photosensitizing  results  of  the  newly  synthesized  fluorinated 
porphyin-based  compounds  will  be  discussed. 
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Introduction 

Photodynamic  therapy  (PDT)  is  a  cancer  treatment  modality  that  combines  light  sensitive 
drug  and  lasers  [1].  Monitoring  the  photosensitizer  (PS)  in  the  tumor  and  in  normal  tissue 
is  helpful  in  the  development  of  new  photosensitizers.  Syntheses  of  labeled 
photosensitizer  that  can  be  monitored  by  MR  studies  offer  the  advantage  of  noninvasive 
assessment  of  the  photosensitizer  in  a  single  subject  [2].  The  assessment  of  the  same  in 
the  skin  and  underlying  muscle  may  provide  information  about  the  cutaneous  toxicity  of 
PS.  In  this  work  we  present  the  construction  of  pharmacokinetic  profile  of  a  new 
photosensitizer  in  a  tumor  model  and  its  utility  in  PDT  studies. 

Methods 

The  Radiation  induced  fibrosarcoma  (RIF)  cells  were  maintained  according  to  the 
protocol  of  Twentyman  et  al  [3].  Tumors  were  grown  on  mouse  foot  dorsum  by 
inoculating  2x10^  cells.  The  photosensitizer  was  administered  IP  ( -lOOpM).  MR 
spectra  were  collected  on  a  Bruker  7T  instrument  using  a  home  built  surface  coil.  The 
^®F  MR  spectral  parameters  included  a  90”  pulse  of  16ps,  a  spectral  width  of  20  KHz, 

8K  data  points,  and  a  2s  repetition  time  for  a  total  accumulation  time  of  30  minutes. 

PDT  measurements  were  performed  at  630  nm  with  an  argon  ion  (Spectra  physics  model 
2045)  pumped  dye  laser  (Spectra  Physics,  375B).  Laser  irradiation  was  done  for  30 
minutes  at  a  power  of  1 50  mW  cm'^  leading  to  a  total  light  dose  of 270  J  cm'^. 

Results 

In  this  presentation  we  report  the  results  obtained  using  a  newly  synthesized  water 

soluble  form  of  fluorine  labled 
photosensitizer  which  was  monitored  in 
mouse  tumor  model  over  time.  The 
measured  relaxation  times  in  the  solution 
were  924±38  ms  for  Ti  and  150±2  ms  for 
T2  and  were  used  to  optimize  of  tumor 
spectra.  The  Pharmaco-  kinetic  profile  of 
PS  in  tumor  model  was  constructed  using 
three  tumors  (Figure  1).  Based  on  this 


profile  PDT  was  performed  at  time  points  2hr,  4hr  and  24  hrs  post  drug  administration. 

Conclusions: 

MR  studies  can  provide  quantitative  data  on  photosensitizer  in  tumor  and  a  rational  basis 
for  PDT  initiation.  PDT  studies  done  at  2hrs  post  PS  administration  led  to  tumor 
regression  between  days  2-4. 
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ABSTRACT 


The  changes  in  the  tumor  that  occur  following  photodynamic  therapy  (PDT),  a  cancer 
treatment  modality,  were  studied  using  a  small  animal  MR  imager  operating  at  7Tesla. 
The  animal  model  used  in  these  studies  was  mice  implanted  with  radiation  -induced 
fibrosarcoma  (RTF).  The  tumor  bearing  mice  were  injected  with  lOpM/kg  of  one  of  the 
three  photosensitizers:  1)  Photofrin  2)  Fluorine  labeled  photosensitizer  and  3)  Non- 
labeled  analog  of  the  fluorine  labeled  sensitizer.  Laser  light  at  630  nm  (150  mW/cm^, 

270  joules/  cm^)  was  delivered  to  the  tumor  at  2-24  hours  of  photosensitizer 
administration.  The  MR  spectroscopic  and  imaging  examination  of  the  tumors  involved 
both  the  and  ^^P  nuclei.  The  tumor  bioenergetics  was  measured  by  ^’P  spectroscopy. 
The  water  proton  relaxivity  and  diffusion  measurements  are  used  to  obtain  local  changes 
in  different  regions  of  the  tumor. 

Significant  changes  in  ^^P  MR  spectra  were  observed  using  photofrin  while  no 
statistically  significant  changes  were  observed  when  the  fluorine  labeled  or  its  non 
labeled  analogs  were  used.  The  PDT  induced  changes  in  tumor  volumes  (as  measured  by 
calipers)  showed  significant  tumor  regression  with  photofrin  followed  by  moderate 
regression  with  the  fluorine  labeled  PS  and  no  regression  with  the  non  labeled  PS.  The 
growth  pattern  of  tumors  using  nonlabeled  photosensitizers  followed  the  general  pattern 
of  unperturbed  tumors.  The  possible  relationship  between  the  function  of  these  sensitizers 
and  the  various  MR  derived  parameters  that  characterize  the  tumor  status  will  be 
discussed. 
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Abstract 


For  in  vivo  NMR  studies,  starting  from  pyrroles,  a  series  of  fluorinated  porphyrins  were 
synthesized  by  following  the  MacDonald  reaction  conditions.  Upon  reaction  with  osmium 
tetroxide,  a  fluorinated  porphyrin  containing  four  trifluoromethyl  groups  (12  fluorine  units)  was 
converted  into  the  related  chlorin  and  bacteriochlorin  which  exhibited  long-wavelength 
absorptions  at  652  and  720  nm,  respectively.  All  compounds  produced  good  singlet  oxygen 
production  efficiency.  A  comparative  study  of  nine  porphyrins  with  and  without  fluorine 
substituents  indicated  no  adverse  effects  of  the  presence  of  fluorinated  groups  in  the 
photophysical  properties  of  the  porphyrins,  chlorins  or  bacteriochlorins.  The  first  and  second 
one-electron  reduction  potentials  (vs.  SCE)  of  the  investigated  compounds  range  between  -1.29 
and  -1.49  V  and  between  -1.66  and  -1.84  V  in  PhCN  containing  0.1  M  TBAP.  UV-visible 
spectroelectrochemical  data  suggested  the  formation  of  7t-anion  and  Tc-cation  radicals  upon  the 
first  reduction  and  first  oxidation.  The  in  vivo  *^F  MR  study  of  a  representative  fluorine  labeled 
compound  with  twelve  equivalent  fluorines  confirmed  the  presence  of  the  fluorine  labeled 
sensitizer  in  mouse  (C3H/HeJ)  implanted  with  RIF  tumors  in  one  of  the  hind  feet.  The  studies 
performed  on  mice  tumors  (n  =  4)  confirmed  the  feasibility  and  reproducibility  of  in  vivo 
studies.  All  fluorinated  compounds  were  found  to  be  quite  effective  in  vitro.  In  a  comparative 
intracellular  localization  study  with  Rhodamine-123  in  RIF  tumor  cells,  the  most  soluble 
porphyrin  containing  two  propionic  ester  side  chains  was  found  to  localize  in  mitochondria  as 
well  as  the  related  chlorin  and  bacteriochlorin. 


Introduction 


Photodynamic  Therapy  (PDT)  is  now  a  well  recognized  modality  that  has  been  used  both 
independently  and  in  conjunction  with  other  cancer  treatments.^  Combining  the  use  of  a  light- 
sensitive  drug,  lasers  and  fiber-optic  probes,  PDT  has  emerged  as  one  of  the  promising  strategies 
in  cancer  treatment.  In  this  therapy,  patients  are  given  intravenous  injections  of  a  drug  that 
accumulates  in  cancer  cells  in  much  higher  concentrations  than  in  normal  cells.  Laser  light  with 
an  appropriate  wavelength  delivered  by  fiber  optics  to  these  tumor  sites  produces  highly  reactive 
oxygen  species  (e.  g.  ^62)  that  destroy  the  tumor  cells.^  Therefore,  for  a  drug  to  be  effective,  it  is 
necessary  that  the  compound  be  in  high  concentration  in  tumor  cells.  PDT  is  most  beneficial 
when  laser  light  is  delivered  at  a  time  point  when  the  photosensitizer's  concentration  is  greater  in 
the  tumor  than  in  the  surrounding  tissue.  Thus,  a  comprehensive  knowledge  of  the  extent  of 
localization  and  the  rate  of  accumulation  is  of  immense  value.  While  the  photosensitizer's 
concentration  in  tissue  may  be  determined  by  chemical  extraction  techniques,  these  methods  are 
invasive,  time  consuming,  and  clinically  non-feasible.  In  contrast,  in  vivo  NMR  is  minimally 
invasive,  considered  safe,  and  the  therapy  can  be  monitored  over  time  in  a  single  living  system.^ 
In  vivo  MR  spectroscopy  has  been  used  increasingly  to  monitor  metabolism  and  disease  states  in 
humans.  Both  magnetic  resonance  imaging  and  spectroscopy  have  evolved  into  sophisticated 
diagnostic  techniques.  In  addition  to  the  proton,  nuclei  such  as  fluorine'*  can  be  studied  by  in  vivo 
spectroscopy  and  imaging.  Fluorine- 19  (*^F)  NMR  is  a  technique  with  significant  potential 
because  of  the  relatively  high  sensitivity  and  low  endogenous  background.  Due,  in  part,  to  its 
high  MR  sensitivity,  fluorine  has  received  considerable  attention  as  an  MR  nucleus.  Fluorine- 19 
MR  has  been  used  to  study  metabolism,  tumor  growth,  and  blood  flow.^  More  recently,  in  vivo 
*^F  MR  has  been  used  to  measure  tumor  integrity  and  vasculature  in  subcutaneously  implanted 


tumors  in  rats®.  MR  of  fluorinated  compounds  is  particularly  attractive  for  in  vivo  studies  of 
human  and  animal  models.  The  isotope  has  a  100%  natural  abundance,  a  spin  of  1/2,  and  a 
MR  sensitivity  that  is  83%  then  that  of  hydrogen^. 

To  date,  most  of  the  fluorinated  porphyrin-based  analogs  synthesized  for  in  vivo  NMR 
studies  have  been  unsymmetrical,*  and  thus  lead  to  signal  dispersion.  In  order  to  have  a  strong 
fluorine  signal  at  a  low  concentration  of  the  drug  in  tumor,  it  is  necessary  to  have 
photosensitizers  containing  multiple  fluorine  units.  It  would  be  advantageous  to  have  a 
photosensitizer  with  equivalent  fluorine  substituents  that  will  render  signal  addition  of  all 
equivalent  nuclei. 

In  this  manuscript  we  report  the  synthesis  of  a  series  of  fluorinated  and  the  corresponding  non- 
fluorinated  porphyrin-based  compounds,  the  effect  of  the  substituents  on  their  photophysical  and 
electrochemical  characteristics,  their  intracellular  localization  and  their  in  vitro  photosensitizing 
efficacy. 

Results  and  Discussion 

Chemistry.  For  the  synthesis  of  porphyrin-based  fluorinated  photosensitizers,  our  synthetic 
strategy  was  divided  into  two  parts.  These  were  the  (a)  synthesis  of  porphyrins  1  and  2 
containing  symmetrical  trifluoromethyl  groups  (total  fluorine:  6)  introduced  at  the  meta-  or para- 
position(s)  of  the  phenyl  ring  and  (b)  porphyrins  3  and  4  bearing  symmetrical  trifluoromethyl 
groups  introduced  at  the  3  and  5-positions  (total  fluorine:  12)  of  the  phenyl  ring  present  at  the 
/wc50-position  of  the  porphyrin  ring  system  (see  chart  1). 

Porphyrins  1-  4  were  synthesized  from  pyrroles  5,^  15^°  or  19“  by  following  the  well  established 
"2  +  2"  reaction  approach^  (see  Scheme  1).  In  brief,  reactions  of  p5nTole  5  with p-,  m-  or  3',  5'- 
dimethoxyphenyl  aldehyde  under  acidic  reaction  conditions  produced  the  corresponding 


dipyrromethanes  6,  7  and  8  in  60-80%  yield,  which  on  refluxing  with  ethylene  glycol/KOH  gave 
the  related  a-free  dipyrromethanes  9, 11  and  13  respectively  in  >85%  yield.  Further  reaction  of 
these  dipyrromethanes  with  POCI3/DMF  under  Vilsmeier's  reaction  conditions'^  produced  the 
corresponding  diformyl  dipyrromethanes  10,  12  and  14  in  excellent  yields  (>75%).  For  the 
preparation  of  dipyrromethane  17,  pyrrole  15  was  first  converted  into  the  acetoxy  derivative  16, 
which  on  treating  with  K-10  clay^'*  in  dichloromethane  at  room  temperature  gave  the  desired 
dipyrromethane  in  70%  overall  yield.  Reaction  of  pyrrole  19  with  bromine/methanol^^  gave  the 
corresponding  dipyrromethane  20  in  72%  yield.  Hydrogenation  of  dipyrromethane  17  and  20  in 
presence  of  Pd/C  at  room  temperature  produced  the  corresponding  carboxylic  acids  18  and  21  in 
quantitative  yields. 

Chart  1,  Scheme  1 

Diformyldipyrromethanes  10,  12  and  14  were  then  individually  reacted  with  dipyrromethane 
dicarboxylic  acid  18  under  McDonald  reaction  conditions.’^  After  purification  porphyrins  22-24 
were  isolated  in  modest  yield.  By  following  a  similar  approach,  pyrromethane  14  was  also 
reacted  with  pyrromethane  dicarboxylic  acid  21,  and  porphyrin  25  was  obtained  in  38%  yield. 
For  the  preparation  of  fluorinated  analogs,  porphyrins  22-25  containing  methoxy  groups  in  the 
phenyl  rings  were  reacted  with  boron  tribromide  and  the  related  hydroxy-phenyl  porphyrins  26- 
29  were  obtained  in  70-77%  yields.  Further  reaction  of  these  porphyrins  with  3,5- 
trifluoromethyl-benzyl  bromide  produced  the  desired  fluorinated  porphyrins  1-4  in  modest  yield. 
Reaction  of  29  with  3,5-dimethyl-benzyl  bromide  produced  the  non-fluorinated  porphyrin  4a  in 
good  yield.  The  structures  of  the  intermediates  and  the  final  products  were  confirmed  by  ’H,  ’^F 
NMR,  mass  spectrometry  and  elemental  analyses. 


Scheme  2  and  Scheme  3 


Among  the  fluorinated  porphyrins  1-4,  compound  4,  containing  two  propionic  ester 
functionalities  at  the  bottom  half  of  the  molecule  showed  enhanced  solubility  in  1%  Tween 
80/water  formulation  as  well  as  improved  in  vitro  photosensitizing  efficacy  in  comparison  to  the 
other  analogues.  Therefore,  for  investigating  the  photosensitizing  effect(s)  of  fluorinated  groups 
in  long-wavelength  absorbing  compounds,  porphyrin  4  was  reacted  with  osmium  tetroxide 
(OSO4)  and  the  corresponding  v/c-dihydroxy  chlorin  30  (A^ax:  648  nm)  and  tetra-hydroxy- 
bacteriochlorin  31  (as  an  isomeric  mixture,  Xmax-  716  nm)  were  synthesized.  The  yield  of  the 
individual  product  was  found  to  depend  on  the  amount  of  OSO4  used. 

As  expected,  the  NMR  spectra  of  all  the  fluorinated  porphyrins  1-4  exhibited  a  single  peak  at 
6  13.0  ppm  due  to  the  presence  of  a  center  of  symmetry  in  the  molecule,  whereas  chlorin  30  and 
bacteriochlorin  31  showed  two  peaks  with  equal  intensity  at  12.98  and  12.99  ppm  respectively. 

In  vivo  MR  spectral  characteristics.  A  typical  MR  spectrum  of  the  fluorinated 

photosensitizer  in  the  mouse  foot  tumor  (  volume=0.18ml)  recorded  on  a  7T  animal  imager  8.0 
hrs  post  IP  administration  of  the  compound  (lOOpM/kg)  is  shown  in  Figure  1 .  The  ^^F  MR 
spectral  parameters  included  a  90°  pulse  of  16ps,  a  spectral  width  of  20  KHz,  8K  data  points, 
and  a  2s  repetition  time  for  a  total  accumulation  time  of  60  minutes.  The  ability  to  observe  the 
photosensitizer  by  ^®F  MR  noninvasively  is  an  important  step  towards  understanding  its 
pharmacokinetic  characteristics  and  relating  these  to  its  in  vivo  photosensitizing  efficacy.  These 
details  will  be  published  elsewhere. 

Figure  1 

Photophysical  Properties.  A  typical  fluorescence  spectrum  of  fluorinated  porphyrins  in  PhCN 
is  shown  in  Figure  1 .  For  the  case  of  3  which  exhibits  virtually  the  same  fluorescence  maxima  at 
628  and  693  nm  was  observed  as  for  non-fluorinated  porphyrins.  The  absorption  and 


fluorescence  maxima  of  investigated  porphyrins  1-4, 26-29,  chlorin  30  and  bacteriochlorin  31  are 
listed  in  Table  1.  The  absorption  and  fluorescence  maxima  are  red-shifted  in  order:  porphyrin, 
chlorin  and  bacteriochlorin,  but  they  are  not  affected  by  the  fluorine  substituents. 

Table  1,  Figure  2 

The  fluorescence  decay  of  3  is  fitted  well  by  a  single  exponential  line  with  lifetime  of  18.5  ns  as 
shown  in  Figure  3.  The  fluorescence  lifetimes  are  also  listed  in  Table  1.  The  fluorescence 
lifetimes  (r)  are  also  unaffected  by  fluorinated  substituents.  The  rvalues  of  the  nine  porph5Tins 
in  this  table  are  all  similar  in  the  range  of  16.1-18.6  ns  irrespective  of  substituents,  but  they  are 
significantly  longer  than  those  of  chlorin  30  (3.8  ns)  and  bacteriochlorin  31  (3.3  ns). 

Figure  3 

Phosphorescence  spectra  were  observed  in  deaerated  frozen  2-MeTHF  at  77  K.  The 
phosphorescence  maxima  are  also  summarized  in  Table  1.  Again  the  phosphorescence  maxima 
of  porphyrins  (822-823  nm)  are  not  affected  by  the  fluorinated  substituents.  The  triplet  excited 
states  of  the  porphyrins  were  detected  from  the  transient  absorption  spectra  measured  4.0  ns  after 
laser  excitation  at  355  nm.  A  typical  example  is  shown  in  Figure  4  for  the  case  of  3.  The 
negative  absorption  at  410  nm  in  Figure  3  is  due  to  bleaching  of  the  ground-state  absorption 

Figure  4 

bands.  The  positive  absorption  at  450  nm  in  Figure  4  is  due  to  the  triplet-triplet  (T-T)  transition. 
The  T-T  absorption  decay  obeys  first-order  kinetics  as  shown  in  Figure  5.  This  indicates  that 
there  is  no  contribution  of  the  triplet-triplet  annihilation  under  the  present  experimental 
conditions. 

Figure  5 

The  T-T  absorption  maxima  and  the  triplet  lifetimes  are  summarized  in  Table  2.  The  triplet 


lifetimes  of  porphyrins  are  in  the  range  of  8.3-25  ps,  which  are  shorter  than  the  lifetimes  of 
chlorin  30  (185  ps)  and  the  bacteriochlorin  31  (77  ps). 

Table  2 

The  decay  of  the  T-T  absorption  in  oxygen-saturated  PhCN  is  enhanced  significantly  over  what 
is  observed  in  deaerated  PhCN.  The  decay  rate  obeys  first-order  kinetics  and  the  decay  rate 
constant  increases  with  increasing  oxygen  concentration.  Thus,  an  efficient  energy  transfer  from 
the  triplet  excited  state  of  3  to  oxygen  occurs  to  produce  singlet  oxygen.  The  rate  constants  of 
the  energy  transfer  (^en)  were  determined  from  the  dependence  of  the  decay  rate  constants  on 
oxygen  concentration  as  listed  in  Table  2.  The  Aen  values  are  in  the  range  of  8.9  x  10*  -  1.1  x 
10^  M"^  s'\  There  is  no  specific  effects  of  the  fluorinated  substituents  on  the  ^en  values  which 
are  smaller  than  the  diffusion-limited  value  in  PhCN  (5.6  x  10^ 

Irradiation  of  an  oxygen-saturated  benzene  solution  of  3  results  in  formation  of  singlet  oxygen 
which  was  detected  by  the  ^02  emission  at  1270  nm  (see  Experimental  Section).  Quantum  yields 
(<P)  of  ^02  generation  were  determined  from  the  emission  intensity  which  was  compared  to  the 
intensity  obtained  using  a  Ceo  reference  compound.*^  Relatively  high  (lvalues  are  obtained  for 
all  investigated  compounds  as  summarized  in  Table  2.  The  highest  devalue  is  obtained  as  0.81 
for  the  tetrafluorinated  compound  3. 

Electrochemical  studies.  The  electrochemically  investigated  compounds  can  be  divided  into 
three  groups  based  on  the  macrocycle  and  substitutents.  The  first  group  includes  the  four 
fluorinated  porphyrins  1,  2,  3  and  4  (Chart  1,  Scheme  2),  the  second,  the  four  non-fluorinated 
porphyrins  26, 27, 28  and  29  (Scheme  2)  and  the  third,  the  one  fluorinated  chlorin  30  and  the  one 
fluorinated  bacteriochlorin  31  (Scheme  3).  The  electrochemistry  of  these  ten  complexes  was 


carried  out  in  PhCN  containing  0.1  M  TBAP  as  supporting  electrolyte.  The  half-wave  or  peak 
potential  for  each  reduction  is  listed  in  Table  3. 

In  all  but  one  case  (compound  29),  the  first  reduction  was  reversible  and  the  second  irreversible 
due  to  a  chemical  reaction  following  formation  of  the  dianion.  This  led  to  cyclic  voltammograms 
of  the  type  illustrated  in  Figure  6.  A  chemical  reaction  also  followed  the  first  oxidation  of  each 
porphyrin  and  this  led  to  irreversible  or  quasi-reversible  oxidations  as  graphically  shown  in 
Figure  7  for  the  case  of  compounds  3  and  4.  The  UV-visible  spectral  changes  obtained  upon  the 
first  reduction  were  recorded  in  PhCN  containing  0.2  M  TBAP.  An  example  of  the  thin-layer 
spectral  changes  is  shown  in  Figure  8  for  compounds  3  and  30  and  a  summary  of  the  spectral 
data  for  the  eight  singly  reduced  porphyrins  is  given  in  Table  3.  The  neutral  compounds  have  a 
Soret  band  at  407-412  nm  and  four  visible  bands  between  503  and  626  nm  (see  Table  4).  Upon 
the  first  reduction,  the  Soret  and  visible  bands  decrease  in  intensity  while  a  new  broad  visible 
band  appears  at  799-813  nm  (see  Table  3).  These  results  are  consistent  with  a  one-electron 
addition  to  the  porphyrin  7t-ring  system  and  indicate  the  formation  of  a  porphyrin  pi-anion 
radical.^*  The  same  spectral  patterns  are  observed  for  the  eight  porphyrins  in  Table  3  and  these 
data  may  be  contrasted  to  what  is  observed  for  reduction  of  the  chlorin  30  (Figure  8b)  and 
bacteriochlorin  31  whose  7c-anion  radical  absorption  bands  are  also  summarized  in  this  table.  The 
spectral  changes  obtained  upon  oxidation  of  the  porphyrin  3  and  the  chlorin  30  are  illustrated  in 
Figure  8.  The  reaction  of  the  porphyrin  is  quasi-reversible  while  that  of  the  chlorin  is  reversible 
on  the  cyclic  voltammetry  timescale  (see  cyclic  voltamogram  Figure  7).  Thus  only  the  spectrum 
of  the  chlorin  30  corresponds  to  a  true  measurement  of  the  first  electrogenerated  oxidation 
product  which  should  be  a  7t-cation  radical.  The  oxidations  of  other  compounds  were  not 
chemically  or  electrochemically  reversible  (see  Figure  7)  and  thus  no  meaningful  spectra  could 


be  obtained. 


Figures  6-9,  Table  3  and  Table  4 

In  vitro  Photosensitizing  Efficacy.  The  in  vitro  photosensitizing  activity  of  fluorinated 
photosensitizers  1-4  was  determined  in  radiation  induced  fibrosarcoma  (RIF)  tumor  cell  lines. 
For  determining  the  drug  dose,  one  of  the  fluorinated  porphyins  4  was  initially  tested  at  two 
different  concentrations  (0.5  and  1.0  pM).  The  drug  concentration  at  1.0  pM,  together  with  a 
light  dose  at  4.0  J/cm^,  produced  a  significant  phototoxicity  without  any  dark  toxicity.  Other 
photosensitizers  were  then  evaluated  under  similar  drug  concentration.  From  the  results 
summarized  in  Figure  10  it  can  be  seen  that  all  the  fluorinated  porphyrins,  the  chlorin  and  the 
bacteriochlorin  produced  significant  in  vitro  efficacy.  However,  the  compounds  in  the  porphyrin 
series  containing  bis-trifluoromethyl  groups  were  found  to  be  less  effective  than  those  containing 
tetrakis-trifluoromethyl  groups.  The  vzc-dihydroxy  chlorin  30  and  the  related  tetrahydroxy- 
bacteriochlorin  31  were  quite  effective  with  similar  efficacy.  In  order  to  correlate  the  singlet 
oxygen  efficiency  with  photosensitizing  activity,  these  compounds  were  also  evaluated  for  their 
photophysical  characteristics.  Although  the  presence  and  position  of  the  fluorinated  substituents 
in  the  porphyrin  macrocycle  produced  a  remarkable  difference  in  singlet  oxygen  producing 
efficiency,  no  direct  correlation  was  observed  between  singlet  oxygen  yield  and  in  vitro 
photodynamic  activity.  For  example,  the  singlet  oxygen  yields  of  porphyrins  1-3,  are  quite 
similar  (0.61-0.81)  but  these  compounds  showed  a  significant  difference  in  photosensitizing 
activity.  In  contrast,  similar  photosensitizing  results  were  obtained  among  the  tetrakis- 
trifluorinated  analogs  (3  and  4)  in  spite  of  a  significant  difference  in  singlet  oxygen  yields  (0.81 
and  0.36,  respectively). 


Figure  10 


On  the  basis  of  in  vitro  results,  it  is  difficult  to  predict  the  in  vivo  photosensitizing  efficacy  of 
these  photosensitizers  because  the  pharmacokinetic  and  pharmacodynamic  profiles  as  well  as 
photobleaching  characteristics  play  important  roles  in  drug  localization  and  clearance.  These 
properties  could  also  be  influenced  by  the  overall  lipophilicity  of  the  molecule  which  has  proven 
to  be  an  important  molecular  descriptor  that  often  is  well  correlated  with  the  bioactivity  of  drugs. 
Lipophilicity  is  indicated  by  lipophilic  indices  such  as  the  logarithm  of  a  partition  coefficient,  log 
P,  which  reflects  the  equilibrium  partitioning  of  a  molecule  between  a  nonpolar  and  a  polar 
phase,  such  as  n-octanol/water  system.  Partition  coefficients  can  be  measured  either 
experimentally  by  following  a  simple  "shake  flask"  approach  or  by  using  a  currently  available 
computer  program  (Pallas  system).  We  calculated  the  log  P  values  of  the  fluorinated  porphyrins 
1-4,  the  chlorin  30  and  the  bacteriochlorin  31  and  these  were  in  the  range  of  15.58-19.75  [1  and 
2:  15.58,  3:  19.75  and  4:  18.43].  For  investigating  a  correlation  between  singlet  oxygen  yields 
and  PDT  efficacy,  the  in  vivo  studies  of  fluorinated  photosensitizers  at  different  drug/light  doses 
are  currently  in  progress.  These  results  along  with  the  in  vivo  ^^F  tumor  imaging  data  will  be 
reported  elsewhere. 

Intracellular  Localization:  In  general,  porphyrin-based  compounds  have  shown  very  diverse 
patterns  of  localization,  based  on  structure,  lipophilicity  and  charge.^”  Localization  in  the 
lysosomes  and  mitochondria  are  reported  to  be  predominant.  However,  in  a  QSAR  study  of 
certain  photosensitizers  the  compounds  that  localize  in  mitochondria  are  generally  found  to  be 
more  effective.  Therefore,  the  site  of  localization  of  the  fluorinated  porph5a'in  4  and  the  related 
chlorin  30  and  bacteriochlorin  31  were  compared  with  Rhodamine-123  which  is  known  to  target 
mitochondria.  Images  of  the  photosensitizers  and  Rhodamine-123  were  taken  in  rapid 
succession.  The  images  result  clearly  indicate  that  these  photosensitizers  localize  to  the  same 


cellular  region  as  Rhodamine-123,  suggesting  that  these  compounds  localize  in  mitochondria,  a 
more  sensitive  site  for  cell  damage  by  PDT  (see  Figure  1 1  for  a  representative  example). 


Figure  11 

Experimental 

Chemistry.  All  chemicals  were  of  reagent  grade  and  used  as  received.  Solvents  were  dried 
using  standard  methods  unless  stated  otherwise.  Reactions  were  carried  out  under  a  N2 
atmosphere  and  were  monitored  by  analytical  precoated  (0.20  mm)  silica  TLC  plates 
(POLYGRAM®  SIL  N-HR).  Melting  points  were  determined  on  electrically  heated  melting 
point  apparatus  and  are  uncorrected.  UV-vis  spectra  were  recorded  on  a  Varian  (Cary-50  Bio) 
spectrophotometer.  and  ‘^F-NMR  spectra  were  recorded  on  a  Bruker  AMX  400  and  376.5 
MHz  NMR  spectrometer  respectively  at  303  in  CDCI3  containing  tetramethylsilane  (TMS)  as 
an  internal  standard.  Proton  chemical  shifts  (6)  are  reported  in  parts  per  million  (ppm)  relative  to 
TMS  (0.00  ppm)  or  CDCI3  (7.26  ppm)  while  fluorine  chemical  shifts  are  reported  in  ppm  relative 
to  trifluoroacetic  acid  (0.00  ppm).  Coupling  constants  {J)  are  reported  in  Hertz  (Hz)  and  s,  d,  t,  q, 
m,  dd  and  br  refer  to  singlet,  doublet,  triplet,  quartet,  multiplet,  doublet  of  doublet  and  broad 
respectively.  Mass  spectral  data  were  obtained  fi'om  the  University  of  Michigan,  East  Lansing, 
MI  and  from  the  Biopolymer  Facility  of  Basic  Studies  Center,  Roswell  Park  Cancer  Institute, 
Buffalo,  NY.  Elemental  analysis  data  were  obtained  from  Midwest  Microlab,  LLC,  Indianapolis, 
IN. 

General  method  for  the  synthesis  of  dipyrromethane  6,  7  and  8.  Pyrrole  5  (10.0  g,  0.055 
mol)  and /7-methoxy  benzaldehyde  (3.74  g,  0.0275  mol)  were  dissolved  in  ethanol  (70  mL)  and 
/>-toluenesulfonic  acid  (200  mg)  was  added.  The  reaction  mixture  was  refluxed  for  2  hours  under 
nitrogen.  Analytical  TLC  at  frequent  intervals  was  used  to  monitor  the  completion  of  the 


reaction.  It  was  then  cooled,  the  solid  was  filtered,  the  product  was  washed  with  cold  water  and 
dried  under  vacuum  at  room  temperature.  The  desired  pyrromethane  6  [3,9-diethyl-6-(p- 
methoxyphenyl)-4,8-dimethyl-2, 10-diethoxy  carbonyl  dipyrromethane]  was  isolated  as  a  white 
powder  in  80%  (21 .2  g  )  yield. 

3.9- diethyl-6-(p-methoxyphenyl)-4,8-dimethyl-2yl0-diethoxycarbonyl  dipyrromethane  (6). 

Mp  105-108  °C;  NMR:  5  8.20  (brs,  2H,  2  X  NH),  7.01  (d,  J  =  8.9,  2H,  ArH),  6.87  (d,  J  =  8.9, 
2H,  ArH),  5.43(s,  IH,  CH),  4.26  (q,  J=  7.3,  4H,  2  x  OCH2CH3),  3.81  (s,  3H,  OCH3),  2.74(q,  J= 
7.5,  4H,  2  X  CH2CH3),  1.78  (s,  6H,  2  X  CH3),  1.31  (t,  J=  7.1,  6H,  2  X  OCH2CH3),  1.12  (t,  J  = 
7.7,  6H,  2  X  CH2CH3).  Anal.  Calcd  for  C28H36N2O4:  C,  69.98;  H,  7.55;  N,  5.83.  Found;  C,  70.15; 

H,  7.37;  N,  5.93.  By  following  a  similar  approach,  pyrrole  5  was  reacted  with  w-methoxy  or  3, 
5-dimethoxy  benzaldehyde  and  the  corresponding  dipyrromethane  7  and  8  were  synthesized. 

3.9- Diethyl-6-(m-methoxyphenyl)-4,8-dimethyl-2,10-diethoxycarbonyl  dipyrromethane  (7). 

Yield  70%;  mp  122-125  °C  ;  ‘H  NMR :  6  8.25  (brs,  2H,  2  x  NH),  7.23-7.27  (m,  IH,  ArH),  6.82 
(dd,  J=  2.2,  7.8,  IH,  ArH),  6.68  (d,  J=  7 A,  IH,  ArH),  6.63  (s,  IH,  ArH),  5.45  (s,  IH,  CH),  4.25 
(q,  J=  7.3,  4H,  2  X  OCH2CH3),  3.76  (s,  3H,  OCH3),  2.73  (q,  /=  7.6,  4H,  2  X  CH2CH3),  1.79  (s, 
6H,  2  X  CH3),  1.30  (t,  J=  7.1,  6H,  2  X  OCH2CH3),  1.11  (t,  7.3,  6H,  2  X  CH2CH3).  Anal. 

Calcd  for  C28H36N2O5:  C,  69.98;  H,  7.55;  N,  5.83.  Found:  C,  70.08;  H,  7.60;  N,  5.82. 

3.9- Diethyl-6-(3'5'-dimethoxyphenyl)4,8-dimethyl-2,10-diethoxycarbonyldipyrromethane 
(8).  Yield  60%;  viscous  oil;  ^H  NMR  ;  6  8.25  (brs,  2H,  2  X  NH),  6.38  (s,  IH,  ArH),  6.24  (s,  2H, 
ArH),  5.39  (s,  IH,  CH),  4.26  (q,  J=  7.3,  4H,  2  X  OCmCYi^),  3.74  (s,  6H,  2  X  OCH3),  2.70  - 
2.78  (m,  4H,  2  X  CH2CH3),  1.79  (s,  6H,  2  X  CH3),  1.32  (t,  J=  7.2,  6H,  2  X  OCH2CH3),  1.10  - 

I. 16(ni,6H,2XCH2CH3). 


General  method  for  the  preparation  of  pyrromethanes  9,  11,  13.  The  diethoxycarbonyl 
dipyrromethanes  6,  7  or  8  (for  example  11.6  g  of  6)  were  individually  dissolved  in  ethylene 
glycol  (250  mL).  Sodium  hydroxide  (12  g,  crushed  powder)  was  added,  and  the  reaction  mixture 
was  refluxed  for  1  h.  It  was  then  cooled,  diluted  with  dichloromethane  (250  mL)  and  washed 
with  water  (2  X  200  mL).  The  dichloromethane  layer  was  dried  over  anhydrous  sodium  sulfate. 
The  residue  obtained  after  evaporating  the  solvent  was  chromatographed  over  silica  column 
eluted  with  chloroform.  The  appropriate  eluates  were  combined,  the  solvent  was  evaporated,  and 
the  desired  dipyrromethane  9  was  obtained  in  95%  yield. 

3.9- Diethyl-6-(p-methoxyphenyl)4,8-dimethyl-dipyrromethane  (9).  Mp  64-66  °C  ;  lit.^^ 

NMR  :  5  7.30  (brs,  2H,  2  X  NH),  7.06  (d,  J=  8.8, 2H,  ArH),  6.85  (d,  8.8,  2H,  ArH),  6.38  (s, 

2H,  2  X  Pyrrolic  CH),  5.45  (s,  IH,  CH),  3.81(s,  3H,  OCH3),  2.44  (q,  7.2,  4H,  2  X  CH2CH3), 

1.81  (s,  6H,  2  X  CH3),  1.19  (t,  y=  7.9,  6H,  2  X  CH2CH3). 

3.9- Diethyl-6-(m-methoxyphenyl)-4,8-dimethyl-dipyrromethane  (11).  Yield  88%;  mp  202- 
204  °C;  NMR:  5  9.49  (s,  2H,  2  X  CHO),  9.08  (brs,  2H,  2  X  NH),  7.23-7.27  (m,  IH,  ArH), 
6.83  (dd,  J=  2.5,  8.0,  IH,  ArH),  6.66  (d,  J=  7.6,  IH,  ArH),  6.62  (s,  IH,  ArH),  5.53  (s,  IH,  CH), 
3.75  (s,  3H,  OCH3),  2.71  (q,  J=  7.6,  4H,  2  X  CIfcCH3),  1.86  (s,  6H,  2  X  CH3),  1.20  {X,J=  7.8, 
6H,  2  X  CH2CH3).  Anal.  Calcd  for  C22H28N2O.2H2O:  C,  70.94;  H,  8.66;  N,  7.52.  Found:  C, 
71.29;  H,  7.17;  N,  7.24. 

3.9- Diethyl-6-(3',5'-dimethoxyphenyl)-4,8-dimethyl-dipyrromethane  (13).  Yield  97%;  mp 
119-121  °C ;  ‘H  NMR :  6  7.34  (brs,  2H,  2  X  NH),  6.33-6.36  (m,  3H,  ArH),  6.31  (s,  2H,  2  X 
Pyrrolic  CH),  5.40  (s,  IH,  CH),  3.74  (s,  6H,  2  X  OCH3),  2.40-2.45  (m,  4H,  2  X  CH2CH3),  1.81 
(s,  6H,  2  X  CH3),  1.14-1.19  (m,  6H,  2  X  CH2CH3).  Anal.  Calcd  for  C23H30N2O2.5H2O:  C,  60.50; 
H,  8.83;  N,  6.40.  Found:  C,  60.00;  H,  8.82;  N,  5.91. 


General  method  for  the  preparation  of  diformyldipyrromethanes  10,  12  and  14.  The 

pyrromethane(s)  [e.  g.  9  (7.1  g)]  was  dissolved  in  Vilsmeier  reagent,  prepared  by  reaction  POCI3 
(10.5  mL)  and  DMF  (45  mL)  was  added  and  the  reaction  mixture  was  stirred  at  room 
temperature  overnight.  The  reaction  mixture  was  poured  into  ice  cold  water  (250  ml)  and 
aqueous  sodium  hydroxide  (50%,  35  mL)  was  then  added  slowly  ;  the  pH  was  adjusted  to  10-12 
and  stirred  overnight  before  extracting  with  dichloromethane  (3  X  200  mL).  The  organic  layer 
was  separated,  washed  with  water  (2  x  200  mL)  until  neutral  and  dried  over  anhydrous  sodium 
sulfate.  Evaporation  of  the  solvent  gave  a  residue  which  was  chromatographed  over  a  silica 
column,  eluting  with  1:1  ethyl  acetate/cyclohexane.  The  major  band  was  separated,  and  the 
product  obtained  after  evaporating  the  solvent  was  crystallized  with  methanol  and  compound  10 
was  isolated  in  80%  (6.80  g)  yield. 

3.9- Diethyl-2,10-diformyl-6-(p-methoxyphenyl)-4,8-dimethyl-dipyrromethane  (10).  Mp 

168-169  °C;  NMR:  6  9.50  (s,  2H,  2  X  CHO),  8.70  (brs,  2H,  2  X  NH),  6.98(d,  7  =  8.7,  2H, 
ArH),  6.86  (d,  J=  8.7,  2H,  ArH),  5.47  (s,  IH,  CH),  3.80  (s,  3H,  OCH3),  2.70  (q,  7=  7.5,  4H,  2  X 
CH2CH3),  1.81  (s,  6H,  2  X  CH3),  1.20  (t,  J  =  7.5,  6H,  2  X  CHsCIfe).  Anal.  Calcd.  for 
C24H28N2O3.I/2  H2O:  C,  71.80;  H,  7.28;  N,  6.98.  Found:  C,  71.69;  H,  6.74;  N,  6.76. 

3.9- Diethyl-2,10-diformyl-6-(/n-methoxyphenyl)-4,8-dimethyl-dipyrromethane  (12).  Yield 
79  %;  mp  202-204  °C;  NMR:  6  9.49  (s,  2H,  2  X  CHO),  9.08  (brs,  2H,  2  X  NH),  7.23-7.27 
(m,  IH,  ArH),  6.83  (dd,  7=  2.5,  8.0,  IH,  ArH),  6.66  (d,  7=  7.6,  IH,  ArH),  6.62  (s,  IH,  ArH), 
5.53  (s,  IH,  CH),  3.75  (s,  3H,  OCH3),  2.71  (q,  7=  7.6,  4H,  2  X  CEbCH3),  1.86  (s,  6H,  2  X  CH3), 
1.20  (t,  7  =  7.8,  6H,  2  X  CH2CH3).  Anal.  Calcd  for  C24H28N2O3:  C,  73.44;  H,  7.19;  N,  7.14. 
Found:  C,  73.65;  H,  7.29;  N,  7.06. 


3,9-Diethyl-2,10-diforinyl-6-(3,5-di-methoxyphenyl)-4,8-dimethyl-dipyrromethane  (14). 

Yield  78%;  mp  202-204  °C;  NMR  (CDCI3,  400  MHz)  6  9.52  (s,  2H,  2  x  CHO),  8.56  (brs,  2H, 
2  X  NH),  6.40  (s,  IH,  ArH),  6.20  (s,  2H,  ArH),  5.42  (s,  IH,  CH),  3.74  (s,  6H,  2  x  OCH3),  2.70  (q, 
J  =  7.7,  4H,  2  X  CH2CH3),  1.81  (s,  6H,  2  x  CH3),  1.20  (t,  J=  7.8,  6H,  2  x  CH2CH3).  Anal.  Calcd 
for  C25H30N2O4.I/2H2O;  C,  69.58;  H,  7.24;  N,  6.49.  Found:  69.52;  H,  7.00;  N,  6.16. 

General  method  for  the  Synthesis  of  porphyrins  22-25.  The  diformyl  dipyrromethane  (e.  g. 
10,  2.52  g,  6.43  mmol),  and  dipyrromethane  18  (2.04  g,  6.42  mmol)  were  dissolved  in 
dichloromethane  (500  mL).  /?-Toluenesulfonic  acid  (6.0  g)  dissolved  in  methanol  (100  mL)  was 
added,  and  the  reaction  mixture  was  stirred  at  room  temperature  overnight  under  nitrogen 
atmosphere.  A  saturated  solution  of  zinc  acetate/methanol  (125  mL)  was  added,  and  the  reaction 
was  stirred  for  another  12  hours.  It  was  then  diluted  with  dichloromethane,  washed  with  water 
and  the  organic  layer  was  dried  over  anhydrous  sodium  sulfate.  Evaporation  of  the  solvent  gave  a 
residue  which  was  dissolved  in  trifluoroacetic  acid  (30  mL)  and  stirred  at  room  temperature  for 
30  min.  The  Zn-free  porphyrin  thus  obtained  after  standard  work-up  was  chromatographed  over 
a  short  Grade  IH  Alumina  column  and  eluted  with  dichloromethane.  The  major  band  was 
collected  and  the  solvent  evaporated.  The  residue  was  crystallized  from  dichloromethane/hexane 
and  porphyrin  22  was  isolated  in  17%  (640  mg)  yield. 

2,8,13,17-Tetraethyl-5-(p-methoxyphenyI)-3,7,12,18-tetramethylporphyrin  (22).  Mp  280- 
282  °C;  UV-vis  [CH2Cl2,nm  (e,  M'^cm'^)]  403  (3.82  X  10^),  503  (3.15  X  10^),  535  (1.39  X  10“), 
571  (1.35  X  10“),  623  (4.82  X  10^);  ^HNMR  :  5  10.13  (s,  2H,  2  X  mesoH),  9.92  (s,  IH,  mesoH), 
7.86  (d,  y  =  9.0,  2H,  ArH),  7.16  (d,  J=  9.0,  2H,  ArH),  4.00-  4.06  (m,  8H,  4  X  CH2CH3),  3.99  (s, 
3H,  OCH3),  3.62  (s,  6H,  2  X  CH3),  2.47  (s,  6H,  2  X  CH3),  1.87  (t,  7=  7.7,  6H,  2  X  CH2CH3), 
1.75  (t,  J=  7.6,  6H,  2  X  CH2CH3),  -3.19  (brs,  IH,  NH),  -3.27  (brs,  IH,  NH).  Anal.  Calcd  for 


C39H44N4O:  C,  80.10;  H,  7.58;  N,  9.58.  Found:  C,  80.14;  H,  7.54;  N,  9.62. 

2.8.13.17- Tetraethyl-5-(#n-methoxyphenyI)-3,7,12,l  8-tetramethylporphyrin  (23).  Yield 
30%;  mp  270-272  °C;  NMR:  510.16  (s,  2H,  2  X  mesoH),  9.96  (s,  IH,  meso  H),  7.67  (d,  J  = 
7.2,  2H,  ArH),  7.59  (t,  J=  7.8,  IH,  ArH),  7.50  (s,  IH,  ArH),  4.02^.10  (m,  8H,  4  X  CH2CH3), 
4.00  (s,  3H,  OCH3),  3.65  (s,  6H,  2  X  CH3),  2.60  (s,  6H,  2  X  CH3),  1.90  (t,  J  =  7.7,  6H,  2  X 
CHaCa),  1.78  (t,  J=  7.94,  6H,  2  X  CH2CH3),  -3.20  (brs,  IH,  NH),  -3.35  (brs,  IH,  NH).  Anal. 
Calcd  for  C39H44N4O:  C,  80.10;  H,  7.58;  N,  9.58;  Found:  C,  80.76;  H,  7.60;  N,  9.54. 
2,8-Diethyl-5-(3’,5'-dimethoxyphenyl)-2,  8-diethyl-  13, 17-  bis-  (2-methoxycarbonylethyl)- 

3.7.12.18- tetramethylporphyrin  (25).  The  title  compound  was  prepared  by  reacting 
diformyldipyrromethane  14  with  dipyrromethane  dicarboxylic  acid  21  by  following  the 
procedure  reported  by  Chen  et  al.^^ 

General  method  for  the  synthesis  of  porphyrins  26-29.  Porphyrin  26-29  (100  mg)  were 
obtained  in  70-77%  yield  by  reacting  porphyrins  22-25  with  etherial  boron  tribromide  solution. 

2.8.13.17- Tetraethyl-5-(p-hydroxyphenyl)-3,7,12,18-tetramethylporphyrin  (26).  Yield  77%; 
mp  >  300  °C;  UV-vis  [CH2Cl2,nm  (e,  M'^cm'*)]  404  (3.79  X  10^),  503  (2.91  X  10^),  536  (1.19  X 
10\  570  (1.14  X  lO'*);  ^H  NMR  :  6  10.15  (s,  2H,  2  X  meso  H),  9.94  (s,  IH,  meso  H),  7.89  (d,  J 
=  9.2,  2H,  ArH),  7.18  (d,  J=  8.7,  2H,  ArH),  4.0{M.08  (m,  8H,  4  X  CH2CH3),  3.64  (s,  6H,  2  X 
CH3),  2.53  (s,  6H,  2  X  CH3),  1.88  (t,  /=  7.7,  6H,  2  X  CH2CH3),  1.76  (t,  /  =  7.5,  6H,  2  X 
CH2CH3),  -3.75  (brs,  2H,  2  x  NH).  Anal.  Calcd  for  C38H42N4O:  C,  79.66;  H,  7.42;  N,  9.82; 
Found:  C,  79.75;  H,  7.45;  N,  9.70. 

2.8.13.17- Tetraethyl-5-(#«-hydroxyphenyl)-3,7,12,18-tetramethylporphyrin  (27).  Yield 
72%;  mp  >  300  °C;  UV-vis  [CH2Cl2,nm  (e,  M-'cm'^)]  402  (5.00  X  10^),  502  (4.03  X  10^),  536 
(1.76  X  lO'^),  570  (1.61  X  10^),  623  (4.60  X  lO");  ^HNMR  :  6  10.18  (s,  2H,  2  x  meso  H),  9.98  (s. 


IH,  mesoH),  7.69  (d,  J=  7.0,  2H,  ArH),  7.61  (t,  7.7,  IH,  ArH),  7.51  (s,  IH,  ArH),  4.04  - 

4.12  (m,  8H,  4  X  CH2CH3),  3.66  (s,  6H,  2  X  CH3),  2.58  (s,  6H,  2  X  CH3),  1.91  (t,  J=  7.7,  6H,  2 
X  CH2CH3),  1.79  (t,  7.94,  6H,  2  X  CH2CH3),  -3.85  to  -3.75  (each  brs,  IH,  2  X  NH);  Anal. 

Calcd  for  C38H42N4O;  C,  79.66;  H,  7.42;  N,  9.82.  Found:  C,  80.02;  H,  7.37;  N,  9.83. 
2,8,13,17-Tetraethyl-5-(3',5’-di-hydroxyphenyl)-3,7,12,18-tetramethyIporphyrin  (28). 
Yield  75  %;  mp  >  300  °C;  UV-vis  [CH2Cl2,nm  (e,  M-Vm"’)]  402  (4.16  X  10^),  502  (3.45  X  lO'*), 
536  (1.62  XIO^),  569  (1.49  X  lO'^),  623  (6.50  X  10^);  NMR  (CDCI3,  400  MHz)  5  10.18  (s, 
2H,  2  X  mesoH),  9.98  (s,  IH,  meso  H),  7.05  (s,  2H,  ArH),  6.69  (s,  IH,  ArH),  4.04-  4.12  (m,  8H, 
4  X  CH2CH3),  3.66  (s,  6H,  2  X  CH3),  2.67  (s,  6H,  2  X  CH3),  1.90  (t,  7-  7.7,  6H,  2  X  CH2CH3), 
1.80  (t,  J=  7.5,  6H,  2  X  CH2CH3).  Anal.  Calcd  for  C38H42N4O2.H2O:  C,  75.47;  H,  7.33;  N,  9.26. 
Found:  C,  75.31;  H,  7.38;  N,  9.14. 

2,8-DietliyI-5-(3',5’-dimethoxyphenyl)-13,17-bis-(2-inethoxycarbonylethyl)-3,7,12,18- 
tetramethylporphyrin  (29).  Yield  70%;  mp  >  300  °C;  UV-vis  [CH2CI2,  nm  (e,  MT^cm"^)]  403 
(4.64  X  10’),  502  (5.21  X  lO'*),  536  (3.39  X  lO'*),  571  (4.00  X  lO'*);  ^HNMR  :  6  10.18  (s,  2H,  2 
X  mesoH),  9.95  (s,  IH,  mesoH),  7.10  (s,  2H,  ArH),  6.70  (s,  IH,  ArH),  4.30-  4.40  (m,  4H,  2  X 
CH2CH2CO2CH3),  3.98^.08  (m,  4H,  2  X  CH2CH3),  3.70  (s,  6H,  2  X  OCH3),  3.65  (s,  6H,  2  X 
CH3),  3.30-3.40  (m,  4H,  2  x  CH2CIfcC02CH3),  2.66  (s,  6H,  2  X  CH3),  1.80-  1.90  (m,  6H,  2  X 
CH2CH3).  Anal.  Calcd  for  C42H46N4O6.H2O:  C,  63.69;  H,  6.11;  N,  7.08.  Found:  C,  63.32;  H, 
6.07;  N,  6.41. 

General  method  for  the  synthesis  of  porphyrins  1  to  4.  3,5-Bis(trifluromethyl)benzylbromide 
(40  [iL,  0.22  mmol)  and  anhydrous  K2CO3  (250  mg)  were  added  to  a  stirred  solution  of  5-(4- 
hydoxyphenyl)tetraethylporphyrin  26  (85  mg,  0.15  mmol)  in  dry  acetonitrile  (10  mL)  and  the 
reaction  mixture  was  refluxed  overnight  under  nitrogen.  Solvent  was  evaporated  under  reduced 


pressure;  water  (20  mL)  was  poured  and  extracted  with  CH2CI2  (2  x  20  mL).  The  combined 
organic  extracts  were  washed  with  water  (2  X  20  mL)  and  organic  fraction  was  dried  over 
Na2S04.  Removal  of  organic  solvent  in  vacuo  gave  a  crude  solid  residue,  which  was 
chromatographed  over  silica  column  using  CH2CI2  as  an  eluant  to  yield  77  mg  (65%)  of  5-[4- 
{3,5-Bis(trifluromethyl)benzyloxy}phenyl]tetraethylporphyrin  1  as  purple  plates. 
5-[4-{3,5-Bis(trifluromethyI)benzyloxy}phenyl]-2,8,13,17-tetraethyI-3,7,12,18-tetramethyl 
porphyrin  (1).  Mp.  274-276  °C;  UV-vis  [CH2Cl2.nm  (e,  IVr'cm'*)]  403  (2.52  X  10^),  502  (2.08 
X  lO'^X  535  (9.25  X  10^),  570  (8.82  X  10^),  624  (3.13  X  10^);  NMR:  5  10.21  (s,  2H,  2  X  meso 
CH),  10.00  (s,  IH,  meso  CH),  8.14  (s,  2H,  ArH),  7.98  (s,  IH,  ArH),  7.96  (d,  J-4.5,  2H,  ArH), 
7.31  (d,  J=4.5,  2H,  ArH),  5.42  (s,  2H,  OCl^),  4.06-4.13  (m,  8H,  4X  X  CffcCHa),  3.70  (s,  6H,  2 
X  CH3),  2.52  (s,  6H,  2  X  CH3),  1.94  (t,  J=l.l,  6H,  2  X  CH2CH3),  1.82  (t,  7=7.5,  6H,  2  X 
CH2CH3).  NMR:  6  13.12  (s,  6F,  2  X  CF3).  Anal.  Calcd  for  C47H46N4F6O.H2O:  C,  69.27;  H, 
5.94;  N,  6.87.  Found:  C,  69.37;  H,  6.19;  N,  6.33. 

5-[3-Bis{3,5-trifIuroniethyI)benzyloxy}phenyl]-2,8,13,17-tetraetyhl-3,7,12,18-tetraniethyl 
porphyrin  (2)  .  Yield  96%;  mp  109-110  °C;  UV-vis[CH2Cl2,  nm  (e,  IVT^cm’^)]  404  (9.49  X 
lO'*),  501  (6.83  X  10^),  537  (4.27  X  10^),  570  (4.98  X  10^);  *HNMR  :  6  10.17  (s,  2H,  2  X  meso 
CH),  9.96  (s,  IH,  meso  CH),  7.94  (s,  2H,  ArH),  7.75-7.85  (m,  3H,  ArH),  7.62  (t,  7=7.8,  IH, 
ArH),  7.40  (dd,  7=2.6  and  7.8,  IH,  ArH),  5.32  (s,  2H,  OClfc),  4.00-4.10  (m,  8H,  4  X  CH2CH3), 
3.65  (s,  6H,  2  X  CI^),  2.53  (s,  6H,  2  X  CH3),  1.89  (t,  7=7.8,  6H,  2  X  CH2CH3),  1.77  (t,  7=7.6, 
6H,  2  X  CH2CH3),  -3.10  and  -3.30  (each  brs,  IH,  2  X  NH).  ^^F  NMR:  6  13.00  (s,  6F,  2  x  CF3). 
Anal.  Calcd  for  C47H46N4F60.Na2S04:  C,  60.12;  H,  4.94;  N,  5.96.  Found:  C  62.40,  H  4.85,  N 


5.26. 


5-[3',5’-Bis{3”,5"-trifluromethyI)benzyIoxy}phenyl]-2, 8,13, 17-tetraethyl-3, 7,12, 18-tetra- 
methyl  porphyrin  (3).  Yield  45%;  mp  214-216  °C;  UV-vis[CH2Cl2,  nm  (s,  403  (2.29 

X  10^),  502  (1.93  X  10^),  536  (9.27  X  10\  570  (8.53  X  10^),  623  (3.34  X  10^);  NMR:  6 
10.20  (s,  2H,  2  X  meso  CH),  9.98  (s,  IH,  meso  CH),  7.96  (s,  4H,  ArH),  7.87  (s,  2H,  ArH),  7.42 
(d,  J=2.9,  2H,  ArH),  7.12-7.16  (m,  IH,  ArH),  5.37  (s,  4H,  2  x  OCfib),  4.03-4.10  (m,  8H,  4  X 
CH2CH3),  3.66  (s,  6H,  2  X  CH3),  2.60  (s,  6H,  2  X  CH3),  1.91  (t,  J-7.5,  6H,  2  X  CH2Ca),  1.78 
(t,  y=7.5,  6H,  2  X  CH2CH3).  NMR:  5  12.98  (s,  12F,  4  X  CF3).  Anal.  Calcd  for 

C56H50N4F12O2:  C,  64.74;  H,  4.85;  N,  5.39.  Found;  C,  64.20;  H,  4.94;  N,  5.00. 
5-[3',5*-Bis{3*’,5"-trifluromethyl)benzyloxy}phenyl]-2,8-diethyl-13,17-bis(2-methoxy 
carbonylethyI)-3,7-dimethyIporphyrin  (4).  Yield  75%;  mp  72-75  °C;  UV-vis  [CH2CI2,  nm  (s, 
M-'cm'^)]  404  (3.81  X  10^),  502  (3.02  X  10^),  536  (1.41  X  10“),  570  (1.32  X  10“),  624  (4.82  X 
10^),  653  (2.59  X  10^);  ^HNMR  :  5  10.16  (s,  2H,  2  X  meso  CH),  9.97  (s,  IH,  meso  CH),  7.92  (s, 
3H,  ArH),  7.81-7.84  (m,  3H,  ArH),  7.37  (d,  J=2.0,  2H,  ArH),  7.11  (d,  7=2.4,  IH,  ArH),  5.35  (s, 
4H,  2  X  OCH2),  4.40  (t,  7=7.6,  4H,  2  X  CH2CH2C02CH3),  4.00  (q,  7=7.8,  4H,  2  X  CH2CH3), 
3.67  (s,  6H,  2  X  OCH3),  3.66  (s,  6H,  2  X  CBb),  3.30  (t,  7=7.6,  4H,  2  X  CH2CH2CO2CH3),  2.56 
(s,  6H,  2  X  CH3),  1.74  (t,  7=7.4,  6H,  2  X  CH2CH3),  -3.27  (brs,  IH,  NH),  -3.33  (brs,  IH,  NH). 
‘^F  NMR  :  6  12.96  (s,12F,  4  X  CF3).  Anal.  Calcd  for  C60H54N4F12O6:  C,  62.39;  H,  4.71;  N,  4.85. 
Found:  C,  61.56;  H,  4.71;  N,  4.71. 

5-{3',5'-Bis(3”,5"-dimethyIbenzyloxy)}phenyl-2,8-diethyl-13,17-bis(2-methoxycarbonyl 
ethyl)  -3,7-dimethylporphyrin  (4a);  Yield  30%;  mp  158-160  °C;  UV-vis  [CH2CI2,  nm  (e,  M" 
^cm’*)]  404  (3.81  X  10^),  502  (3.43  X  10“),  536  (1.56  X  10“),  570  (1.50  X  10“),  623  (5.19  X  10^); 
^H  NMR  (CDCI3,  400  MHz)  5  10.18  (s,  2H,  2  X  meso  CH),  9.98  (s,  IH,  meso  CH),  7.31-7.32 
(m,  2H,  ArH),  7.11  (brs,  IH,  ArH),  7.08  (s,  3H,  ArH),  6.99  (s,  IH,  ArH),  6.96  (brs,  2H,  ArH), 


5.17  (s,  4H,  2  X  OCH2),  4.42  (t,  J=7.6,  4H,  2  X  CH2CH2CO2CH3),  4.04  (q,  J=1.0,  4H,  2  X 
CH2CH3),  3.70  (s,  6H,  2  X  OCH3),  3.69  (s,  6H,  2  X  CH3X  3.32  (t,  /=7.8,  4H,  2  X 
CH2CH2CO2CH3),  2.58  (s,  6H,  2  X  CH3),  2.30  (s,  12H,  4  X  PhCHb),  1.78  (t,  J=1A,  6H,  2  X 
CH2CH3),  -3.25  (brs,  IH,  NH),  -3.28  (brs,  IH,  NH).  Mass  Calcd  for  C60H66N4O6:  939.22.  Found; 
939.20 

Synthesis  of  chlorin  30  and  bacteriochlorin  31  from  porphyrin  4.  OSO4  (75  mg)  dissolved 
in  diethyl  ether  (5  mL)  was  added  to  a  stirred  solution  of  4  (100  mg)  in  dry  CH2CI2  (20  mL)  and 
pyridine  (0.2  mL).  The  reaction  mixture  was  stirred  at  room  temperature  for  6  hrs.  UV-vis 
spectrum  showed  two  peaks  at  645  nm  (chlorin  30,  major,  Rf  =  0.6  in  5%  MeOH  in  CH2CI2)  and 
at  713  nm  (bacteriochlorin  31,  minor,  Rf  =  0.4  in  5%  MeOH  in  CH2CI2).  The  reaction  was 
worked  up  by  passing  a  stream  of  H2S  gas  for  one  minute,  diluted  with  CH2CI2  (50  mL)  and  then 
filtered  through  fluted  filter  paper.  The  residue  was  washed  with  CH2CI2  (3  X  50  mL),  dried 
over  Na2S04.  The  solvent  was  concentrated  and  the  crude  mixture  so  obtained  was  purified  by 
preparative  TLC  using  5%  MeOH  in  CH2CI2  as  an  eluant.  Three  bands  were  isolated.  The  fast 
moving  band  (10  mg)  was  identified  as  unreacted  starting  material  4,  the  middle  band  (25  mg, 
40%)  was  found  to  be  chlorin  30  and  the  slowest  moving  band  isolated  in  13  mg  (20%)  was 
characterized  as  bacteriochlorin  31. 

5-[3,5-Bis{3,5-bis(trifluromethyl)benzyIoxy}phenyl]-2,8-diethyl-7,8-dihydroxy-3,7,12,18- 
tetramethyl-13,17-bis(2-methoxycarbonyIethyl)porphyrin  (30).  Mp  172-174  °C;  UV-vis 
[CH2CI2,  nm  (s,  M'^cm'^)]  397  (4.44  X  lO’),  500  (4.16  X  10\  648  (1.17  X  10^);  *H  NMR:  5 
9.88  (s,  IH,  meso  CH),  9.61  (s,  IH,  meso  CH),  9.21  (s,  IH,  meso  CH),  7.97  (s,  2H,  ArH),  7.91 
(s,  2H,  ArH),  7.88  (s,  IH,  ArH),  7.84  (s,  IH,  ArH),  7.35  (s,  IH,  ArH),  7.12  (s,  IH,  ArH),  7.06  (s, 
IH,  ArH),  5.40  (s,  2H,  OCH2),  5.30  (s,  2H,  OCIfc),  4.24  (t,  >7.2,  2H,  CH2CH2CO2CH3),  4.15  (t. 


J=1A,  2H,  CH2CH2CO2CH3),  3.96  (q,  7=7.4,  2H,  CH2CH3),  3.69  (s,  3H,  OCH3),  3.67  (s,  3H, 
OCH3),  3.47  (s,  3H,  CH3),  3.44  (s,  3H,  CH3),  3.17  (t,  7=7.6,  4H,  2  X  CH2CIfcC02CH3),  2.26  (s, 
3H,  Ca),  2.23-2.34  (m,  3H,  CH3),  1.70  (t,  >7.8,  3H,  CH3),  0.89-0.93  (m,  2H,  CI^OT),  0.44  (t, 
7=8.0,  3H,  CH2CH3),  -2.32  (brs,  IH,  NH),  NMR:  5  12.98  (s,  6F,  2  X  CF3),  12.99  (s,  6F,  2  X 
CF3).  MassCalcd.  for  C60H56N4F12O8:  1189.12.  Found:  1189.50 

5-[3,5-Bis{3,5-bis(trifluromethyl)benzyloxy}phenyl]-2,8-diethyl-7,8,17,18-tetrahydroxy- 
3,7,12,18-tetramethyl-13,17-bis  (2-methoxycarbonylethyl)porphyrin  (31). 

Mp  100-103  °C;  UV-vis  (CH2CI2)  395  (1.69  X  10^),  504  (2.22  X  10^),  644  (3.81  X  lO'^),  716 
(2.67  X  lO"*).  Note  :  Due  to  mixture  of  isomers  it  was  difficult  to  assign  the  resonances  for  each 
proton  in  the  NMR  spectrum.  The  ^^F  NMR  spectrum  showed  mainly  two  peaks  at 
5  12.97  and  12.96  ppm.  Mass  calcd  for  C60H58N4F12O10:  1223.13.  Found:  1223.30 
Method  for  in  vitro  biological  studies:  The  in  vitro  photosensitizing  activity  of  fluorinated 
photosensitizers  1-4,  chlorin  30  and  bacteriochlorin  31  was  determined  in  the  radiation  induced 
fibrosarcoma  (RIF)  tumor  cell  line.^*  The  RIF  tumor  cells  were  grown  in  a-MEM  with  10%  fetal 
calf  serum,  penicillin  and  streptomycin.  Cells  were  maintained  in  5%  CO2,  95%  air  and  100% 
humidity.  For  determining  the  PDT  efficacy,  these  cells  were  plated  in  96-well  plates  at  a  density 
of  1.25  X  10“*  cells  well  in  complete  media.  After  an  overnight  incubation  at  37°C,  the 
photosensitizers  were  added  at  the  same  concentration  (2.0  pM),  incubated  at  37  °C  for  3  hrs  in 
the  dark,  washed  once  with  PBS.  Cells  were  then  illuminated  with  a  lOOOW  quartz  halogen  lamp 
with  IR  and  band  pass  dichroic  filters  to  allow  light  between  400-700  nm,  at  a  dose  rate  of  16 
mW/cm^.  After  PDT,  the  cells  were  washed  once  and  placed  in  complete  media  and  incubated 
for  48  hours.  Then  10  pL  of  5.0mg/mL  solution  of  3-[4,5-dimethylthiazol-2-yl]-2,5- 
diphenyltetrazoliumbromide  dissolved  in  PBS  (Sigma,  St.  Louis,  MO)  was  added  to  each  well. 


After  a  4  hr  incubation  at  37  “C  the  MTT  and  media  were  removed  and  100  mL  DMSO  was 


added  to  solubilize  the  formazin  crystals.  The  96-well  plate  was  read  on  a  microtiter  plate  reader 
(Miles  Inc.  Titertek  Multiscan  Plus  MK  II)  at  560  nm.  The  results  were  plotted  as  percent 
survival  of  the  corresponding  dark  (drug  no  light)  control  for  each  compound  tested.  Each  data 
point  represents  the  mean  from  3  separate  experiments,  and  the  error  bars  are  the  standard 
deviation.  Each  experiment  was  done  with  5  replicate  wells. 

Intracellular  Localization:  In  order  to  determine  the  subcellular  localization  of  the  fluorinated 
porhyrin  4,  chlorin  30  and  bacteriochlorin  31,  the  RIF  cells  were  seeded  on  poly-L-lysine  coated 
glass  cover  slips  at  1  X  10^  in  6  well  plates  and  cultered  for  48  hrs  to  allow  for  attachment  and 
spreading.  The  cells  were  incubated  at  37  "C  in  dark  with  the  1  |jM  concentration  of 
photosensitizers  for  Ih,  4  hrs  and  24  hrs  and  then  co-incubated  with  the  0.25  pM  concentration 
of  the  organelle-specific  dyes  Rhodamine-123  for  mitochondria  and  Fluospheres  for  lysosomes. 
Immediately  prior  to  microscopy  (Zeiss  Axiovert  35,  Carl  Zeiss,  Inc.  Germany),  the  cells  were 
gently  rinsed  with  PBS.  Cells  were  illuminated  with  a  mercury  arc  lamp  with  a  filter  cube 
containing  530-585  nm  excitation  filter,  a  600  nm  dichoric  filter  and  a  long  pass  emission  filter 
to  detect  the  photosensitizer.  Fluorescent  images  were  recorded  and  analyzed  using  a  GenllSys 
intesifier  coupled  toa  Dage  MTI  CCD72  camera  and  digitally  processed  with  Metamorph 
software  (Universal  Imaging  Corp.,  Downingtown,  PA). 

Photophysical  Measurements.  Absorption  spectra  were  recorded  on  a  Hewlett  Packard  8453 A 
diode  array  spectrophotometer.  Time-resolved  fluorescence  and  phosphorescence  spectra  were 
measured  by  a  Photon  Technology  International  GL-3300  with  a  Photon  Technology 
International  GL-302,  nitrogen  laser/pumped  dye  laser  system,  equipped  with  a  four  channel 
digital  delay/pulse  generator  (Stanford  Research  System  Inc.  DG535)  and  a  motor  driver  (Photon 


Technology  International  MD-5020).  Excitation  wavelengths  were  from  535  to  551  nm  using 
coumarin  540A  (Photon  Technology  International,  Canada)  as  a  dye.  Fluorescence  lifetimes 
were  determined  by  a  two-exponential  curve  fit  using  a  microcomputer.  Nanosecond  transient 
absorption  measurements  were  carried  out  using  a  Nd:YAG  laser  (continuum,  SLII-10,  4-6  ns 
fwhm)  at  355  nm  with  the  power  of  10  mJ  as  an  excitation  source.  Photoinduced  events  were 
estimated  by  using  a  continuous  Xe-lamp  (150  W)  and  an  InGaAs-PIN  photodiode  (Hamamatsu 
2949)  as  a  probe  light  and  a  detector,  respectively.  The  output  from  the  photodiodes  and  a 
photomultiplier  tube  was  recorded  with  a  digitizing  oscilloscope  (Tektronix,  TDS3032,  300 
MHz).  The  transient  spectra  were  recorded  using  fresh  solutions  in  each  laser  excitation.  All 
experiments  were  performed  at  298  K. 

For  the  phosphorescence  measurements,  an  02-saturated  CeDe  solution  containing  the 
sample  in  a  quartz  cell  (optical  path  length  10  mm)  was  excited  at  532  nm  using  a  Cosmo 
System  LVU-200S  spectrometer.  A  photomultiplier  (Hamamatsu  Photonics,  R5509-72)  was 
used  to  detect  emission  in  the  near  infrared  region  (band  path  1  mm). 

Electrochemical  and  Spectroelectrochemical  Measurements.  Cyclic  voltammetry  (CV) 
measurements  were  performed  at  298  K  on  an  EG&G  Model  173  potentiostat  coupled  with  an 
EG&G  Model  175  universal  programmer  in  deaerated  benzonitrile  solution  containing  0.10  M 
TBAP  as  a  supporting  electrolyte.  A  three-electrode  system  was  utilized  and  consisted  of  a 
glassy  carbon  working  electrode,  a  platinum  wire  counter  electrode  and  a  saturated  calomel 
reference  electrode  (SCE).  The  reference  electrode  was  separated  from  the  bulk  of  the  solution 
by  a  fritted-glass  bridge  filled  with  the  solvent/supporting  electrolyte  mixture.  Thin-layer 
spectroelectrochemical  measurements  of  the  one-electron  oxidized  and  one-electron  reduced 
bacteriochlorin  derivatives  were  carried  out  using  an  optically  transparent  platinum  thin-layer 


working  electrode  and  a  Hewlett-Packard  model  8453  diode  array  spectrophotometer  coupled 
with  an  EG&G  Model  173  universal  programmer. 

In  vivo  measurements.  The  Radiation  induced  fibrosarcoma  (RIF)  cells  were  maintained 
according  to  the  protocol  of  Twentyman  et  al  Tumors  were  grown  on  mouse  foot  dorsum  by 
inoculating  2x10^  cells.  The  three  diameters  of  the  foot  tumor  were  measured  using  calipers 
and  the  volume  calculated  by  an  ellipsoid  approximation.  The  tumor  volumes  were  in  the  range 
of  150-250  mm^.  The  photosensitizer  was  administered  IP  ( -lOOpM/kg).  MR  spectra  were 
collected  on  a  Bruker  7T  instrument  using  a  home  built  surface  coil.  The  ^^F  MR  spectral 
parameters  consisted  of  a  16ps  pulse  width,  a  spectral  width  of  20  KHz,  8K  data  points,  and  a 
2s  repetition  time.  The  raw  data  was  apodized  with  50-100  Hz  exponential  line  broadening 
before  Fourier  transformation. 
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6.  R  =  pmethoxyphenyl 

7.  R  =  m-methoxy  phenyl 

8.  R  =  3,5-dimethoxyphenyl 


(CH20H)2 

KOH 


a 

a 


a 


'C 

c 

c 


9.  R  =  p-methoxyphenyl,  Ri  =  H 

10.  R  =  p-methoxyphenyl,  Ri  =  CHO 

11.  R  =  m-methoxy  phenyl,  Ri  =  H 

12.  R  =  m-methoxyphenyl,  Ri  =  CHO 

13.  R  =  3,5-dimethoxyphenyl,  R  i  =  H 

14.  R  =  3,5-dimethoxyphenyl,  R  i  =  CHO 


(a  =  POCI3/DMF) 


Scheme-1 


>2.  Ri  =  Rs  =  H,  R2  =  OCH3,  FI,  =  C2H5 
!3.  R,  =  R2  =  H.  R3  =  OCH3,  R4  =  C2H5 
>4.  R,  =  R3  =  OCH3,  R2  =  H  R4  = 

!6.  R,  =  R3  =  CX;H3,  R2  =  h'  R4  =  F»®® 


26.  R,  =  R3  =  H,  R2=  oh,  R4  =  C2H5 

27.  R,  =  R2  =  H,  R3=  oh,  R4  =  C2H5 

28.  R,  =  R3  =  OH,  R2=  H  R4  =  CgHs 

29.  R,  =  R3  =  OH,  R2=  h'  R4  = 


1.  R,  =  R3  =  H,  R2  =  OX,  R4  =  C2H5 

2.  R,  =  R2  =  H,  R3  =  OX,  R4  =  C2H5 

3.  R,  =  R3  =  OX,  R2  =  H,  R4  =  C2HS 

4.  R,  =  R3  =  OX,  R2  =  H,  R4  =  CH2CH2CO2CH3 
4a  R,  =  R3  =  OY,  R2  =  H,  R4  =  CH2CH2C02CH3 


Scheme- 2 


[X=  -3,5-trifluoromethyl)  benzyl] 
[Y  =  3,5-dimethyl)-benzyl] 


Scheme-3 


Table  1.  Fluorescence  emission  maxima  and  fluorescence  emission  lifetime  in  deaerated  PhCN 


at  298  K,  and  phosphorescence  emission  maxima  in  deaerated  2-MeTHF  at  77  K 


^ax(fluorescence) 

nm 

^(fluorescence)’’ 

nm 

/imax(phosphorescence) 

nm 

26 

628 

693 

18.5 

822 

27 

627 

693 

17.9 

822 

28 

628 

693 

17.3 

822 

29 

628 

692 

17.6 

823 

1 

628 

693 

18.6 

823 

2 

627 

692 

16.1 

823 

3 

628 

693 

18.5 

822 

4 

628 

691 

17.7 

822 

4a 

629 

693 

18.2 

822 

30 

652 

a 

3.8 

842 

31 

720 

a 

3.3 

806 

shoulder  peak.  The  experimental  errors  are  within  ±5%. 


Table  2.  T-T  absorption  maxima  (Anax(T-T)),  triplet  lifetimes  (t(T-T))  in  the  deaerated  PhCN  at 


298  K,  quenching  rate  constant  of  the  triplet  excited  state  by  oxygen  in  PhCN,  and  quantum  yield 


of  singlet  oxygen  in  CeDe. 


;imax(T-T),  nm 

^T-T),  s^ 

Aen,  s  *  * 

^^02r 

26 

450 

1.0  xf^ 

9.4  x7 

0.26 

27 

450 

1.1  xr^ 

1.1  x7 

0.57 

28 

450 

1.1  xr^ 

1.0x7 

0.68 

29 

450 

1.1  xr^ 

8.9  x7 

0.33 

1 

450 

8.3  xi-^ 

9.9  x7 

0.61 

2 

450 

1.4  xf^ 

9.0  x7 

0.75 

3 

450 

1.9  xr^ 

1.0x7 

0.81 

4 

450 

2.5  xr® 

1.0x7 

0.36 

4a 

450 

2.3  xr^ 

9.7  x7 

0.27 

30 

440 

1.9x1"* 

1.1  x7 

0.30 

31 

440 

7.7  xr^ 

1.1  x7 

0.31 

®  The  experimental  errors  are  within  ±5%. 


Table  3.  Reduction  potentials  of  investigated  complexes  and  UV-visible  spectral  data  of  singly 
reduced  compounds  in  PhCN  containing  0.1  M  TRAP. 


group  cpd 

potential  (V  vs 

singly  reduced  complexes 

SCE) 

Ei/2 

Ep 

?Lmax,nm  (s 

X  lO-^M-’cm’’) 

I  1 

-1.43 

-1.78 

409(6.1) 

432  (4.9)“’’ 

— 

806  (0.7) 

2 

-1.38 

-1.80 

408  (5.7) 

435  (3.7)“’’ 

— 

813  (1.0) 

3 

-1.40 

-1.80 

407  (4.3) 

— 

~ 

801  (0.9) 

4 

-1.29 

-1.66 

412  (7.1) 

— 

— 

801  (1.1) 

n  26 

-1.44 

-1.68 

410(6.8) 

434  (6.3) 

— 

799  (1.8) 

27 

-1.44 

-1.62 

409  (5.1) 

437(4.1) 

— 

800  (1.9) 

28 

-1.49 

-1.66 

409  (5.7) 

439  (2.8) 

“ 

800  (1.0) 

29 

-1.46“ 

-1.66 

408  (5.2) 

439  (2.5)“’’ 

“ 

800(1.2) 

ffl  30 

-1.30 

-1.74 

402  (3.5) 

— 

535  (0.7) 

735  (1.2) 

31 

-1.46*’ 

-1.84 

406  (6.8) 

— 

750  (0.8) 

827  (0.8) 

^  Ep  at  a  scan  rate  of  0. 1  V/s.  Two  small  peaks  at  Ep  =  -0.52  and  -0.94  V  also  can  be  seen  on  first  scan. 
**  A  peak  at  Ep  =  -1 .29  V  also  can  be  seen, 
sh  =  shoulder  peak 


Table  4.  UV-visible  data  of  investigated  compounds,  in  PhCN  containing  0.2  M  TBAP. 


group  compound 


Xmax,  nm  (s  X  10  M~^  cm'^ ) 


Soret  band 


visible  bands 


4 

408 

(12.71) 

503 

(1.13) 

536 

(0.51) 

572 

(0.47) 

626 

(0.19) 

2 

409 

(11.23) 

503 

(0.74) 

538 

(0.60) 

572 

(0.74) 

624 

(0.29) 

3 

407 

(7.25) 

503 

(0.65) 

535 

(0.30) 

571 

(0.27) 

625 

(0.10) 

1 

407 

(13.12) 

503 

(1.29) 

535 

(0.62) 

572 

(0.58) 

625 

(0.28) 

26 

407 

(16.20) 

504 

(1.24) 

536 

(0.27) 

573 

(0.23) 

624 

(0.09) 

27 

407 

(12.47) 

503 

(0.48) 

535 

(0.20) 

572 

(0.16) 

624 

(0.10) 

29 

412 

(12.70) 

504 

(0.57) 

538 

(0.74) 

570 

(0.95) 

615 

(0.21) 

28 

407 

(9.58) 

503 

(0.88) 

535 

(0.40) 

572 

(0.37) 

624 

(0.15) 

30 

402 

(8.28) 

501 

(0.79) 

548 

(0.17) 

593 

(0.26) 

648 

(2.12) 

31 

399 

(8.90) 

506 

(1.28) 

593 

(0.35) 

645 

(2.02) 

715 

(1.70) 

PPM 


Figure  1 
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Figure  11 


Rhodamine  123 


Chlorin  30 


Overlay 


Figure  Captions 

Figure  1.  In  vivo  NMR  spectrum  of  compound  4  obtained  from  a  RIF  tumor  implanted  in  a 
mouse  (C3H/HeJ)  foot  dorsum  in  the  hind  leg. 

Figure  2.  Fluorescence  spectrum  of  3  (7.3  X  10"^  M)  in  deaerated  PhCN  at  298  K  by  excitation 
at  535  nm. 

Figure  3.  Fluorescence  decay  (.^em  =  628  nm)  of  3  (7.3  X  10“^  M)  in  deaerated  PhCN  at  298  K 
by  excitation  at  535  nm.  The  instrument  response  (gray  line),  decay  data  (solid  line),  and  single¬ 
exponential  fitted  line  are  plotted  in  the  bottom  frame.  The  residuals  of  the  fit  for  a  lifetime  of  x 
=  18.5  ns  are  plotted  in  the  top  frame. 

Figure  4.  T-T  absorption  spectrum  of  3  (7.3  X  10~^  M)  obtained  by  the  laser  flash  photolysis  in 
deaerated  PhCN  at  4.0  ps  after  laser  excitation  (355  nm)  at  298  K. 

Figure  5.  Kinetic  trace  for  the  T-T  absorption  of  3  (7.3  X  10"^  M)  at  450  nm  in  deaerated 
PhCN  after  laser  excitation  (355  nm)  at  298  K.  Inset:  First-order  plot. 

Figure  6.  Cyclic  voltammograms  illustrating  the  stepwise  reductions  of  compounds  a)l,  b)  4  and 
c)  30  in  PhCN  containing  0. 1  M  TBAP. 

Figure  7.  Cyclic  voltammograms  illustrating  the  stepwise  oxidation  of  compounds  a)l,  b)  4  and 
c)  30  in  PhCN  containing  0.1  M  TBAP. 

Figure  8.  Thin  -  layer  UV-visible  spectral  changes  of  a)  compound  3  and  b)  compound  30  upon 
the  first  reduction  at  -1.50  V  in  PhCN  containing  0.2  M  TBAP. 

Figure  9.  Thin  -  layer  UV-visible  spectral  changes  of  a)  compound  3  and  b)  compound  30  upon 
the  first  oxidation  at  1.10  and  0.90  V  in  PhCN  containing  0.2  M  TBAP. 


Figure  10.  The  in  vitro  photosensitizing  activity  of  various  fluorinated  porphyrins  1-3,  chlorin 
30  and  bacteriochlorin  31  (2  pM)  in  RIF  tumor  cells  at  24  h  incubation.  Control:  Cell  exposed  to 
light  without  photosensitizer  and  cells  with  photosensitizer  but  no  light  exposure. 

Figure  11:  Comparative  intracellular  localization  of  Rhodamine  123  (mitochondrial  probe)  and 
fluorinated  chlorin  30  in  RIF  cells  at  24  h  post-incubation.  Similar  patterns  were  observed  from 
fluorinated  porphyrin  4  and  the  corresponding  bacteriochlorin  31  (only  a  representative  example 
is  shown).  The  overlay  picture  clearly  indicates  that  both  Rhodamine  123  and  chlorin  30  localize 
in  mitochondria. 

Table  1.  Fluorescence  emission  maxima  and  fluorescence  emission  lifetime  in  deaerated  PhCN 
at  298  and  phosphorescence  emission  maxima  in  deaerated  2-MeTHF  at  77  "K 
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Objective:  To  become  familiarized  and  to  gain  experience  in  the  research  field 

especially  pertaining  to  Breast  cancer  studies. 

Employment  Background: 

At  University  Medical  Center  at  Omaha 


Cell  Culture 

Maintained  four  different  lines  of  cells.  SKBR  3,  MRA  231,  and  MRA453  all  breast 
cancer  cells.  The  three  lines  of  breast  cancer  cells  were  maintained  from  November  of 
2001  the  end  of  the  year.  Currently  maintaining  RIF-l  cells  received  from  Roswell  Park 
Cancer  Inst.  The  RIF-1  cells  are  being  maintained  since  Feb.  2002. 


Doubling  time 

Finding  out  the  doubling  time  of  RIF-1  cells  was  accomplished  with  the  use  of  the  fisher 
scientific  hemocytometer. 

Freezing  and  thawing  of  cells 

I  am  experienced  in  freezing  all  four  lines  of  cells  listed  above.  Method:  mix  a  fifty  to 
fifty  solution  containing  media  and  cryoprotectant  media  then  dilute  your  cells  in  this  and 
put  one  ml  in  each  container.  I  have  also  started  culturing  RIF-1  cells  from  a  frozen 
sample  that  was  brought  in  from  Roswell  Park  Cancer  Institute. 

Growing  and  maintaining  REF-l  tumors 

I  have  injected  RIF-1  cells  into  C3h/Hej  mice  both  on  the  flank  and  also  on  the  dorsal 
side  of  the  foot.  Once  tumors  were  visible  I  kept  track  of  the  tumor  volumes  and  made 
sure  tumors  stayed  within  a  specific  growth  window.  If  the  volume  got  too  extensive  I 
put  the  animal  down. 


Numbering  of  mice 

I  have  weighed  and  numbered  around  thirty  mice.  Procedure:  by  piercing  their  ears  using 
a  ear  piercing  code;  five  mice  were  kept  per  cage  in  special  micro  isolators. 

Numbering  of  rats 

I  have  weighed  and  numbered  around  eighty  rats.  Procedure:  writing  the  number  on  the 
rats  tail  with  a  magic  marker.  This  process  worked  well  as  long  as  the  animal  only 
needed  to  be  kept  track  of  for  a  couple  of  weeks. 

Drawing  blood  from  rats  and  mice 

I  have  drawn  blood  from  around  thirty  rats.  Method  used  was  to  anesthetize  them,  make 
sure  animal  was  sedated  by  lightly  pinching  their  foot.  Once  this  was  accomplished  the 
blood  was  drawn  from  the  heart.  .8-1.4  ml  of  blood  was  extracted  from  the  animals.  To 
keep  the  blood  from  clotting  one  ml  of  an  anticoagulant  solution  was  added. 

Recently  just  started  extracting  blood  from  mice.  I  have  drawn  blood  from  a  couple  mice. 
Generally  around  one  ml  of  blood  can  be  drawn  from  a  mouse.  Same  method  followed 
as  in  the  rat  procedure. 

Anesthetizing  small  animals 

I  am  in  the  process  of  using  two  methods  of  anesthetics.  The  first  is  generally  used 
before  the  blood  drawing.  This  method  is  a  cocktail  of  Ketamine  and  Xylazine  that  is 
injected  into  the  thigh  region  of  a  rat. 


The  second  method  is  by  using  an  anesthetizing  machine  containing  isoflurane  of  1.5, 
N20  at  600  cc/min.,  and  02  at  200  cc/min.  The  rats  are  anesthetized  in  two  to  five 
minutes.  This  method  of  anesthetizing  is  generally  used  before  and  during  MRI  studies 
and  also  when  the  cocktail  of  Ketamine  and  Xylazine  is  not  available. 


Brain  extraction 

I  have  extracted  neural  tissue  from  more  than  eighty  rats.  Method  used  :  The  animal  is 
laid  on  its  back  and  with  a  pair  of  dull  tipped  scissors  you  make  an  incision  through  the 
throat  area  and  cut  through  the  bone.  Then  pull  back  the  skin  till  the  skull  is  exposed  you 
then  make  to  incisions  on  both  sides  and  cut  along  the  sides  of  the  skull.  Once  the  neural 
tissue  is  exposed  you  lightly  go  around  with  a  spatula  to  loosen  and  release  the  neural 
tissue  from  its  cavity. 

Photo  Spectrometry 

I  am  experienced  in  the  use  of  a  Bio  Spec  1601  to  find  different  wavelengths  of  photofiin 
solutions,  which  are  currently  being  used  on  RIF-1  tumor  cells. 

MRI  Studies 

I  have  run  a  couple  rat  blood  studies  relating  to  Li  levels  in  RBC  and  plasma  I  have 
gained  experience  in  performing  preliminary  MRI  and  MRS  studies  relating  with 
lithium  distribution  in  a  rats  thigh.  I  also  integrated  spectral  data  for  quantitating  the 
tissue  lithium.  I  am  also  involved  in  various  data  processing  related  to  spectroscopy 
of  murine  tumors. 

I  also  supervised  the  animals  breathing  rate  and  their  levels  of  anesthetic  during  the 
experiments. 

Using  laser  for  PDT  studies 

Recently  I  have  participated  and  performed  experiments  using  a  laser  C3H/Hej  mice 
bearing  tumors  on  the  foot  or  on  the  flank. 


CD  Backup 

I  periodically  transfer  the  MRI/MRS  data  and  back  them  up  on  CD’s  using  the  Unix  C 
Shell  operating  system. 
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M.S.  Atmospheric  Sciences 
Degree  Date:  August  2001 

Lanzhou  University  September  1990- June  1994 

Lanzhou,  China 
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